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ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 


There  were  two  main  objectives  to  the  research: 

(1)  To  examine  the  strength  of  the  electrode  effect  charge  source 
over  land  and  sea. 

(2)  To  obtain  simultaneous  measurements  of  meteorological  and 
charge  fluxes  under  varying  conditions  of  convection  to  test 
predictions  of  a  second  order  closure  model  (Willett,  1979)  of 
the  turbulent  transport  of  electrode  effect  space  charge  through 
the  planetary  boundary  layer. 

Aircraft  soundings  of  electric  field,  conductivity, 
temperature,  condensation  nuclei,  dew  point,  and  turbulence 
structure  functions  for  velocity,  temperature  and  humidity  along 
with  surface  temperatures  and  wind  speeds  were  obtained  over  the 
desert  in  southeastern  New  Mexico  and  over  water  in  the  Bahamas. 
Sixteen  flights  were  performed  in  the  desert  deployment  where,  in 
addition,  a  ground  station  was  operated  to  obtain  simultaneous 
measurements  of  wind  speed  at  two  heights,  Air-Earth  current 
density,  electric  field,  and  turbulence  structure  functions  for 
temperature  and  velocity.  Eleven  flights  were  carried  out  over 
the  ocean  near  Eleuthera,  Bahamas. 

Our  results  indicate: 

(1)  Strong  electrode  layers  form  over  the  ocean  but  are  often 
inhibited  over  land.  We  attribute  this  to  radioactive  emanations 
from  the  ground  which  cause  ionization  close  to  surface 
preventing  an  accumulation  of  monopolar  ions. 

(2)  The  shape  and  intensity  of  convection  current  profiles  are 
dependent  on  the  electrical  relaxation  time  and  turbulence 
intensity  as  predicted  by  the  charge  transport  model. 

(3)  Vertical  electric  field  measurements,  because  of  their 
sensitivity  to  volumes  of  space  charge,  are  a  better  indicator  of 
organized  oceanic  convective  structure  than  humidity  or  other  in 
situ  measurements. 

(4)  Ionospheric  potential  is  a  much  better  parameter  for 
observing  temporal  variations  in  the  global  electric  circuit 
supply  current  than  Air-Earth  current  density  because  of  the 
latter's  sensitivy  to  changes  in  columnar  resistance  and 
convection  current. 
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FOREWORD 

The  work  presented  In  tilts  docunent  was  the  cooperative  effort  of 
Airborne  Research  Associates,  Inc.,  the  Pennsylvania  State  University  and 
the  Naval  Research  Laboratory  and  was  performed  under  contract  number 
F49620-86-C-0013  from  the  Air  Force  Office  of  Scientific  Research. 
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This  document  presents  experimental  results  of  a  two  year  aircraft 
investigation  of  the  relationships  between  the  electrical  and 
micrcrneteorological  structure  of  the  unstable  planetary  boundary  layer 
(FBL).  The  specific  objectives  of  the  research  were  to  1)  quantify  the 
strength  of  -the  electrode  effect  charge  source  over  land  and  water  and  2) 
obtain  simultaneous  measurements  of  the  surface  fluxes  of  heat  and  momentum 
and  profiles  of  electrical  parameters  in  order  to  test  predictions  of  a 
second  order  closure  model  of  the  turbulent  transport  of  electrode  effect 
space  charge  (Willett;  1979,  1981).  In  pursuit  of  these  goals,  soundings  of 
electric  field,  polar  conductivities,  temperature,  condensation  nuclei,  dew 
point,  and  turbulence  structure  function  parameters  far  velocity, 
temperature  and  humidity,  along  with  surface  temperatures  and  wind  speeds 
were  obtained  an  flights  over  the  desert  in  southeastern  New  Mexico  in  May 
1986,  and  over  water  in  the  Bahamas  in  March  1987.  This  report  presents 
these  unique  data  along  with  a  discussion  of  the  experimental  techniques, 
instrumentation,  calibrations,  and  methods  used  to  calculate  derived 
variables,  surface  fluxes  and  model  parameters. 

Analyzed  results  are  discussed  in  Appendices  A  and  B,  two  papers  given 
at  the  Eight  International  Conference  on  Atmospheric  Electricity  in  Uppsala 
Sweden  in  June  of  1988,  and  are  not  emphasized  in  the  main  body  of  the 
report.  (Both  papers  have  been  accepted  for  publication  in  the  Journal  of 
Geophysical  Research. )  Summarizing  the  findings  presented  in  these  papers: 

(1)  Strong  electrode  layers  form  over  the  ocean  but  are  often  weak  or 
inhibited  over  land.  We  attribute  this  to  radioactive  emanations  from  the 
soil  which  cause  ionization  close  the  surface  preventing  an  accumulation  of 
positive  space  charge  (Appendix  A). 

(2)  The  shape  and  intensity  of  convection  current  profiles  are  dependent  on 
electrical  relaxation  and  turbulence  intensity  as  predicted  by  the  charge 
transport  model  (Appendix  A). 
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(3)  Vertical  electric  field  measurements,  because  of  their  sensitivity  to 
volumes  of  space  charge,  are  a  better  indicator  of  the  structure  of 
organized  ocnvecticn  over  the  ocean  than  hunidity  or  other  in  situ 
measurements  (Appendix  A). 

(4)  Ionospheric  potential  is  a  much  better  parameter  for  observing 
variations  in  the  global  electric  circuit  than  Air-Earth  conduction  current 
density  because  of  the  latter's  sensitivity  to  changes  in  columnar 
resistance  and  ocnvecticn  current  (Appendix  B). 

we  expect  to  provide  mare  indepth  discussions  of  results  and  final 
conclusions  in  future  publications  when  a  more  thorough  comparison  of 
experimental  results  with  model  predictions  has  been  completed. 
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I.  INXRODUJTIQN 


Briefly,  this  report  is  organized  into  a  detailed  account  of  hew 
measurements  and  variables  were  obtained  or  calculated  (Sections  1,  II,  III 
and  IV);  flight  descriptions  and  tables  and  graphs  of  meteorological  and 
electrical  soundings  (Section  V);  tables  of  surface  flux,  model  and 
electrical  parameters  and  convection  current  profiles  (Section  VI);  and 
discussions  of  results  (Appendices  A  and  B). 

As  indicated  in  the  above  summary,  the  primary  motivations  far  this 
work  were  to  measure  the  strength  of  the  electrode  layer  over  land  and  sea 
and  to  test  the  predictions  of  a  second  order  closure  model  of  the 
turbulent  transport  of  space  charge  in  the  PBL  (Willett,  1979,  1981).  The 
strength  of  the  electrode  layer  can  be  assessed  from  profiles  of  electric 
field  and  conductivity  while  the  model  requires  as  additional  inputs  the 
surface  fluxes  of  momentum,  heat,  and  moisture,  surface  roughness  and 
measurements  of  conduction  current  density  well  above  the  exchange  layer. 
The  simultaneous  determinations  of  all  these  parameters  was  made  possible 
by  use  of  ARA's  dedicated  twin-engine  Beechcraft  Baron  atmospheric  research 
aircraft.  This  aircraft,  shown  in  Figure  1,  has  been  outfitted  with 
atmospheric  electrical,  meteorological  and  turbulence  instrumentation  and 
used  with  success  in  numerous  past  field  experiments  (e.g. ,  Markscn,  et 
al. ,  1981 ) .  One  additional  device,  a  condensation  nucleus  counter,  was 
purchased  and  installed  for  use  in  this  project  so  that  snail  ion  lifetimes 
could  be  estimated. 

Measurements  were  made  at  two  diverse  locations,  Hobbs,  New  Mexico, 
arxt  Rock  Sound  (RSD),  Bahamas  (see  Figures  2a  and  2b  for  maps  of  the  two 
areas)  in  order  to  access  the  strength  of  the  electrode  effect  charge 
source  over  land  and  ocean.  The  former  region  is  characterized  by  thick, 
strongly  unstable,  cloud-free  mixed  layers  and  the  latter  by  intense 
convection  driven  by  warm  ocean  currents.  In  total,  27  data  flights  of 
about  2.5  hours  average  duration  were  performed;  16  during  a  3  week  stay  at 
Hobbs  in  May,  1986,  and  11  in  just  over  2  weeks  in  the  Bahamas  in  March, 
1987.  All  flights,  except  ocean  Flight  6  and  land  Flight  16,  were  made  in 
fine  weather.  Land  Flight  16,  conducted  in  the  early  morning,  was  the  only 
one  made  In  a  neutral  to  stable  PBL.  On  several  missions,  specifically 
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A  map  of  southern  New  Mexico  showing  areas  where  data  were  collected  duri 
the  desert  deployment .  Missions  were  flown  from  the  Hobbs  Sail  Plane  Por 
located  7  miles  from  the  Texas  border  and  70  miles  ENE  of  Carlsbad. 


land  Flights  1,  2,  10,  and  11  and  ocean  Flights  1  and  4,  we  failed  to 
acquire  ccrrplete  micrcmeteorological  data  sets.  This  was  because  of  either 
equipment  failure  or  broken  wires  cn  the  turbulence  instnmentaticn.  At 
Hobbs,  because  of  the  extreme  heat  and  turbulence,  the  aircraft  computer 
experienced  frequent  crashes  resulting  in  same  data  loss. 

Early  in  the  land  deployment  it  became  evident  that  surface 
radioactivity  was  causing  high  conductivity  near  the  ground.  This 
ionization  retards  formation  of  electrode  layers,  hence  limiting  the 
convective  current.  Electric  field  and  conductivity  soundings  were  made 
near  Bartales,  Carlsbad  and  Roswell,  New  Mexico,  none  of  which  showed 
significantly  less  radioactivity  than  near  Hobbs.  Tabulated  results  show 
the  average  electrical  relaxation  time  over  Hobbs  was  about  one  half  that 
found  in  the  marine  PBL. 

II.  EXPERIMENTAL  APPROACH 

A.  Flight  Procedures 

At  Hobbs,  where  a  ground  station  had  been  set  up  to  measure  conduction 
current  and  micaxmetearological  parameters,  the  usual  flight  plan  was  to 
make  a  ladder  profile  (a  series  of  level  passes  at  increasing  altitudes) 
over  the  ground  equipment,  then  make  a  slew  continuous  spiral  descent 
ending  with  lew  passes  over  the  same  area.  This  was  to  allow  comparison 
between  the  aircraft  and  the  ground  station  data.  Constant  altitude  passes 
at  reduced  power  were  performed  during  the  ascent  since  ascending  profiles 
of  the  turbulence  parameters  can  not  be  used  for  analysis  because  of 
increased  aircraft  engine  and  propeller  noise  during  a  climb.  Ladder 
profile  rungs  were  usually  at  20,  50,  100,  200,  500,  1000  and  2000  ft 
heights,  then  at  2000  to  3000  ft  intervals  up  to  the  flight  apex,  and  were 
about  2  min  in  duration.  Descent  rates  were  about  500  ft/min  above  the 
inversion,  slowing  to  around  200  ft/min  near  the  ground.  Since  convection 
is  generated  by  solar  heating  of  the  surface  in  the  desert  environment,  PBL 
conditions  changed  quite  rapidly  in  time.  This  allowed  us  to  make  up  to  3 
flights  a  day  and  to  obtain  distinctly  different  profiles  cn  each. 
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Similar  flight  plans  were  followed  over  the  ocean  in  the  Bahamas. 

Since  no  ground  equipment  was  involved,  the  aircraft  was  sinply  flown 
upwind  from  land  to  open  ocean  water  and  data  collection  was  initiated. 
Ladder  profiles  and  spiral  descent  soundings  were  obtained  on  all  flints 
with  the  exception  of  Flight  1  which  was  mainly  a  test  flight.  Additional 
low  altitude  pooooo  were  made  to  examine  the  convective  structure  over  the 
ocean  and  to  provide  data  from  which  to  calculate  the  15  m  wind  velocities. 
Convection  in  the  marine  environment  is  driven  by  air-water  temperature 
differences  and  since  ocean  water  tenperaturee  show  cnly  slight  diurnal 
variations,  we  oondbcted  only  1  mission  per  day,  with  Flights  9  and  10 
being  the  exception.  The  fanner  yielded  soundings  over  shallow  water  near 
Bimini,  over  the  Gulf  stream  between  Bimini  and  Florida,  and  another 
between  Bimini  and  Nassau.  Flight  10,  the  return  trip  from  Nassau  to  Rock 
Sound,  produoed  entirely  different  profiles  over  the  shallow  water  west  of 
Eleuthara. 

Near  the  ocean  surface,  owing  to  the  plane  structure  of  organized 
oonvectLan  In  the  marine  PBL  (references),  the  electrical  and 
meteorological  parameters  were  quite  variable.  This  is  illustrated  in  Fig. 
3,  a  time  series  of  electric  field  and  humidity  variations  at  6  m  height. 

In  order  to  obtain  realistic  averages  of  these  quantities,  level  peases 
ware  at  least  2  min  and  typically  3  min  in  duration.  Seme  error  could 
arise  from  frequency  aliasing,  since  data  were  recorded  at  3  s  intervals, 
but  this  would  cnly  apply  to  the  electric  field  instrument  which  has  a 
temporal  response  of  around  1  s  (the  humidity,  terperature  and  velocity 
variations  are  all  fed  to  RMS  units  with  ca.  10  s  time  constants).  This 
error,  which  is  anticipated  to  be  small,  has  not  been  assessed.  The  rapid 
fluctuations  in  electric  field  become  damped  with  height  and,  like 
convection  current  density,  depend  on  the  stability  of  the  PBL. 

The  experiment  required  determinations  of  conduction  current  density 
welx  above  the  convective  boundary  layer.  At  Hobbe,  where  the  mixed  layer 
depth  ranged  to  over  4  km  and  averaged  1.8  km,  soundings  were  made  to  about 
7  km  altitude,  requiring  pilot  and  crew  to  utilize  breathing  oxygen.  Over 
the  ocean,  the  inversion  height  was  always  below  2  km  (averaging  1.1  km) 
with  a  weak  subsidence  inversion  between  2  and  3  km.  Soundings  there  were 
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obtained  to  4.1  km  altitude.  A  general  criteria  far  terminating  ascent  was 
the  magnitude  of  the  vertical  electric  field  (<10  V/m)  and  whether 
conductivity  was  increasing  at  an  exponential  rate  with  altitude.  After 
initial  soundings,  apex  altitudes  were  chosen  and  floaci  to  on  subsequent 
missions. 


B.  Data  Acquisition 

A  Hewlett  Packard  (HP)  basic  programable  9835B  desktop  ccnputer 
coupled  through  an  IEEE488  interface  to  a  HP  3497  20  channel 
scanner /voltmeter  was  used  to  acquire  and  record  data.  The  scanner  sampled 
all  20  analog  channels  in  about  3.2  seconds.  The  channel  gains  were 
checked  with  a  voltage  reference  prior  to  the  experiment  and  found  to  be 
accurate  to  within  0.1%  in  the  worst  case;  zero  offsets  were  all  less  than 
+/-  1  LSB.  Laran  position  and  ground  speed  data  entered  the  computer  via 
a  custom  BCD  interface  which  was  read  after  every  5  analog  data  scans 
(around  16  second  intervals).  Data  was  stored  on  magnetic  tape  cartridges 
of  about  200  KByte  capacity  which  provided  approximately  1.5  hours  of  data- 
taking  capability.  All  signals  were  recorded  as  raw  voltages  with 
corrections  and  calibrations  applied  postflight.  The  system  activated  a 
high  voltage  relay  which  controlled  the  voltage  on  the  Gerdien  conductivity 
tubes 's  capacitor  plates. 

An  8  channel  strip  chart  recorder  was  flown  in  both  deployments  to 
monitor  instruments  and  provide  realtime  display.  Flight  notes  were 
recorded  directly  on  the  chart  and  transcribed  postflight.  A  second 
HP9835A  computer  was  provided  by  NRL  to  allow  ground  personnel  to  perform 
data  reduction  and  analysis  while  data  was  being  collected.  Plots  were 
produced  on  a  HP  7245  thermal  plotter. 
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III.  MEASUREMENTS 


A.  Instrumentation,  Calibrations  and  Conversion  Factors 

The  following  paragraphs  provide  a  detailed  description  of  the 
aircraft  instruments,  how  calibrations  were  performed  and  factors  used  in 
converting  analog  signal  outputs  to  engineering  units: 

(1)  Air  pressure.  The  aircraft  has  2  pressure  transducers  onboard, 
both  are  solid  state,  one  manufactured  by  National  Semiconductor  and  the 
other  by  Rosemount  Engineering.  Calibrations  were  determined  from 
extrapolated  sea  level  pressures  given  as  flight  information  and  by 
comparison  with  the  aircraft  pressure  altimeter. 

P  (mB)  =  100  *  V  (National  Semiconductor) 

P  (mB)  =  742.8  -  285. 8*V  (Rosemount) 

The  Rosemount  sensor  data  were  used  to  calculate  altitude  in  all  the  final 
data  analyses. 

(2)  Altitude  was  calculated  from  air  pressure  using  the  expression: 

A  (km)  =  (1  -  (P/P0  )-5-256  )  T0  /  6.5 

where  Po  and  T0  are  the  pressure  and  Kelvin  temperature  at  ground  level. 
Altitudes  calculated  in  this  manner  were  in  good  agreement  with  those 
indicated  by  the  aircraft  cockpit  altimeter. 

(3)  Air  temperature  was  determined  from  a  Rosemount  Engineering 
Platinum  resistive  sensor  designed  specifically  for  aircraft.  This  device 
was  calibrated  versus  mercury  thermometers  and  checked  periodically  by 
comparison  with  the  aircraft  cockpit  thermometer. 

T  (°C)  =  (V  -  .02)  *  100 
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The  temperature  was  corrected  far  dynamic  heating  of  the  sensor  using 
the  following  expression: 

Tc  (K)  *  T  [  (C^/q,  -  DM2  /  2] 

where  and  q,  are  the  heat  capacity  of  air  at  constant  pressure  and 
volume,  respectively,  and  M  is  the  Mach  number.  For  our  average  velocity 
(60  m/s),  this  expression  reduced  to: 

Tc  =  T  /  [1  +  1.8  /  T]  where  all  temperatures  are  Kelvin. 

(4)  Dew  point  was  measured  with  an  BGGG  model  137-C3  aircraft 
hygrometer  system  of  the  chilled  mirror  type.  The  mirror  was  cleaned 
periodically  and  the  calibration  was  checked  and  set  by  replacing  the 
hygrometer  sensor  with  factory  supplied  resistors,  then  adjusting  the  scale 
and  zero  potentiometers  to  obtain  the  recommended  output  voltages. 

Tdew  (°C)  =  23  *  V  -  65 

(5)  Vertical  electric  field.  Two  redundant  custom-built  radioactive 
probe  systems  were  used  in  the  desert  deployment;  only  one  was  used  in  the 
Bahamas.  Field  values  are  determined  as  the  difference  in  potential 
between  radioactive  probes  mounted  an  equal  distance  above  and  below  a 
wingtip  in  a  vertical  array.  These  sensors  can  be  seen  on  the  left  wingtip 
in  Fig.  1.  Custom  electronics  using  high  voltage  feedback  and  driven  guard 
rings  provide  the  system  with  rapid  response.  The  electric  field  created 
by  charge  on  the  airframe  is  rejected  as  common  mode  signal  by  adjusting 
the  gain  of  one  of  the  input  amplifiers  until  the  system  is  immune  to 
changes  in  aircraft  charge.  Empirical  calibrations  were  determined  by 
making  low  level  passes  by  a  ground  station,  ignoring  the  effects  of  image 
charge. 


El  (V/m)  =  104  *  V  (outboard) 
E2  (V/m)  =  102  *  V  (inboard) 
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According  to  Hie  convention  of  ordinary  physics,  the  electric  field  is 
directed  downward  in  fair  weather  and  should  be  negative.  This  docunent, 
unfortunately,  has  mixed  conventions;  the  graphs  and  tables  in  Section  V. 
report  positive  fields  in  fair  weather  while  the  tables  in  Section  VI. 
present  negative  values  for  the  same  data.  The  latter  section  switches 
convention  in  order  to  present  convection  currents  as  positive;  the 
200  to  300  graphs  of  the  former  section  were  completed  before  this 
necessity  was  realized.  Cne  should  bear  in  mind  that  all  the  data 
presented  herein  are  from  fair  weather  measurements. 

(6)  Positive  and  negative  conductivity.  Two  identical  custom-built 
Gerdien  tube  capacitors  mounted  under  the  right  wingtip  were  used  for  these 
determinations.  Capacitance  of  the  tubes  were  measured  at  NRL.  The 
current  amplifier  gain,  Reff,  (the  effective  feedback  resistor  value  in  the 
op  amp  circuit)  was  established  for  each  tube  by  introducing  a  known 
current  onto  the  center  plate  (anode  or  cathode)  and  measuring  output 
voltages.  Acceleration  voltages  (Vacc)  of  about  +/-  90  V  were  used 
throughout*  Amplifier  offsets  (VQ )  were  measured  at  regular  intervals 
during  the  flight  by  grounding  the  acceleration  plates  of  the  tubes  and 
recording  the  output  signals. 

X^(chm-1mr1)  =  €0  V  /  Reff  Vacc  C 
for  most  of  this  work 

X*.(ohm"lnr 1 )  =  7.38E-12  (V  -  V0  )  /  Vacc 

XJ chn*1  nr1 )  =  7.16E-12  (V  -  VQ  )  /  Vacc 

(7)  Conduction  current  density,  J.  J  is  defined  as  being  the  product 
of  electric  field  and  total  conductivity.  Note  that  in  the  boundary  layer 
J  will  be  a  superposition  of  conduction  and  convection  current. 

J  (pA/m2  )=  E  (  X++  X.) 
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(8)  Cloud  condensation  nuclei  (OCN)  were  measured  with  an  Envircrment- 
Ghe  model  Rich  200  OCN  counter  obtained  far  tine  project.  The  calibration 
curve  determined  far  the  Instrument  fran  tests  at  NRL  is  shown  in  Figure  4. 
Corrections  were  only  applied  to  values  used  to  calculate  ion  lifetimes  and 
ion  production  rates.  This  instrument  detects  nuclei  of  0.0016  un  diameter 
and  larger. 


OCN  (Kcounts/an3 )  =  Gain  V  /  5 

(9)  Surface  temperature  (TIR)  was  measured  with  a  Barnes  PRT-5 
infrared  radiation  thermometer.  Calibrations  were  found  by  positioning  a 
pan  of  water  underneath  the  sensor  and  making  simultaneous  measurement  of 
its  tenperature  with  a  high  quality  mercury  thermometer  and  the  IR 
thermometer.  Curves  were  produced  by  adding  ice  or  hat  water  to  the  bath 
while  stirring.  This  sort  of  calibration  suffers  from  reflections  of  the 
aircraft  in  the  pan,  but  no  other  suitable  approach  has  been  found. 

TIR  (°C)  =  10  (V  -  1.43)  (mediun  range) 

TIR  (°C)  =  12.6  (V  +  1.36)  (high  range) 

(10)  Indicated  airspeed  was  gauged  with  a  Rosemount  Engineering 
pressure  transducer.  The  unit  is  calibrated  by  comparison  with  the 
aircraft  airspeed  indicator  while  varying  the  engine  power  settings  in 
level  flight. 

IAS  (kts)  =  96.3  (V  -  1.65)  /  1.09 

(11)  Ground  speed  and  position  were  recorded  from  a  Teledyne  711 
Loran-C  navigation  unit.  The  displayed  ground  speeds  have  been  verified  by 
timing  passes  between  known  landmarks.  Hobbs  is  not  covered  by  the  Lor  an 
Network;  these  data  were  only  obtained  on  the  ocean  flights.  Wind  speeds 
were  determined  as  the  difference  between  the  aircraft  airspeed  and 
groundspeed,  or  as  one  half  the  difference  in  ground  speed  between  upwind 
and  downwind  runs. 
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Figure  4.  Calibration  curve  for  the  Environment  One,  Rich  200 
condensation  nuclei  detector.  Data  were  obtained  at 
NRL  using  a  well  calibrated  segmented  chamber 
instrument. 
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(12)  Itenperature  structure  function  parameter,  Cj,2  .  Temperature 
fluctuations,  <VT,  >,  were  measured  with  a  4.5  wn  diameter  Tungsten 
resistive  wire  sensor  (Thermo  Systems  Inc.  (TSI)  model  Tl. 5-1210)  and  a 
fast  response  TSI  dc  Wheatstone  bridge.  A  second  resistive  probe,  left 
covered  during  flight,  was  used  to  balance  the  bridge.  The  probes  were 
arranged  on  a  vertical  mast  on  the  aircraft  right  wingtip.  Typical  probe 
resistances  were  6  ohms  at  CP  C,  the  bridge  gain  was  set  at  20  V/ohm  using  a 
variable  decade  resistor,  and  sensor  current  was  5  ma.  The  bridge  output 
was  fed  to  a  signal  conditioner  with  band  pass  filtering  and  variable  gain, 
then  to  an  RMS  unit  with  gain,  before  being  recorded  on  the  computer 
system.  High  and  low  pass  filter  settings  were  10  and  200  Hz  for  both 
deployments  and  a  total  gain  of  30  was  employed.  The  system's  electrical 
noise  was  determined  by  measuring  the  output  with  the  probes  covered.  The 
micxothermal  sensors  are  known  to  change  resistance  when  they  become 
encrusted  with  sea  salt,  so  each  probe  was  washed  in  an  aloohol /water 
solution  as  part  of  preflight  for  the  ocean  flights. 

Cj.2  was  calculated  using  the  single  probe,  RMS  method  (Falrall  and 
Marksou,  1984)  from  the  bridge  measurements  of  terperature  fluctuations 
described  above. 

Let 

X,  =  .11  (fx-2/3  -  V2/3)  V2'3 

*2  =  [S  G  Ri  oc  (1  +  «£T)]2 

Xg  =  2  [.000015  G  I3]2  (P/1013)  (288/(T  +  273))3/2]  O'3 
Then 

Cj2  (°C?/m?/3  )  =  [ ( ( <Vj .  —  (G  V„  )2  )/Xj  )  -  Xj  ] / . 42  Xj 

Where 

fx  *  lower  frequency  limit,  10  Hz  in  both  locations 
=  upper  frequency  limit,  200  Hz 
U  =  Aircraft  airspeed,  usually  60  m/s 
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S  =  bridge  sensitivity,  20  V/ohm 
G  =  total  amplifier  gain,  30 
Ri  =  ice  point  resistance  of  the  probe,  6  ohms 
=  probe  temperature  coefficient,  .004  °CT1 
T  =  ambient  temperature,  °C 
I  =  probe  current,  5  mA 
P  =  pressure  at  given  altitude,  mB 
VN  =  system  noise,  .002  V 

fe  =  velocity  structure  function  parameter  (see  below). 

Note  that  term  ^  is  a  correction  for  the  microthemal  probe  velocity 
sensitivity  at  the  current  employed.  At  higher  currents  the  velocity 
contribution  can  become  significant. 

(13)  Velocity  structure  function  parameter  or  the  rate  of  dissipation 
of  turbulent  kinetic  energy,  €  .  Velocity  fluctuations,  <Vv.  >,  were 
measured  with  a  fast  response  TSI  hot-wire  anemometer  in  a  constant 
temperature  circuit  using  the  same  type  of  resistive  sensor  described 
above.  A  decade  resistor  was  used  to  balance  the  bridge  and  apply  a  50% 
overheat  to  the  probe.  Signals  were  bandpass  filtered,  amplified  and  RMS 
values  recorded.  Filter  settings  of  50  and  200  Hz  were  used  at  Hobbs  and 
20  and  200  Hz  over  the  ocean  with  the  total  gain  being  300  in  both 
locations.  Noise  values  were  determined  with  the  hot  wire  covered.  The 
bridge  DC  output  was  also  recorded. 

was  calculated  from  the  RMS  and  DC  outputs  of  the  Hot-wire 
anemometer  described  above  using  the  following  equations: 

If 

Yl  =  <fr2/3  -  v2/3r3/2 

Y2  =  B  (P/1013 )1/2  (288/(T  +  273) )1/4  (165  -  T)/150 
then, 

€  (m?s‘3  )  =  619  U^2  <Vv.>3  (V/Y2  G)3  Yx 
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where  U,  T,  and  P  retain  the  definitions  and  values  given  above  and 
fx  =  50  Hz  at  Hobbs,  20  Hz  over  the  ocean 
fu  =  200  Hz 

B  =  hot  wire  sensitivity,  1.0  V2/(m/s)1/2 

V  =  hot  wire  DC  output  voltage 

G  =  total  gain,  300  for  both  deployments 

(14)  Hunidity  structure  function  parameter,  Cq2.  Humidity  variations, 
<Vq.  >,  were  determined  with  a  custom-made  Lyman-Alpha  hygrometer.  The 
source  and  detector  were  mounted  under  the  left  wingtip  and  a  path  length 
of  1  cm  was  employed.  The  detector  output  was  split,  the  DC  signal  being 
recorded  directly  and  fluctuation  between  10  and  200  Hz  amplified  with  a 
total  gain  of  30  and  RMS  values  were  recorded.  The  Lyman-Alpha  was  not 
used  in  the  desert  deployment. 

Cq2  was  calculated  from  the  Lyman-Alpha  DC  and  RMS  outputs  using  the 
following  expressions. 

F  =  .11  (fx-2/3  -  fy'273)  U2'3 

Cq2  ^/kg2  m2'3)  =  ((<Vq.>2  -  (V*Vn)2)/G)/(F  (V/S)2) 

where 
fx  =  10  Hz 
f u  =  200  Hz 

V  =  the  Lyman-Alpha  DC  signal,  V 

VN  =  the  normalized  RMS  noise  level,  0.0016 
G  =  system  gain,  30 
S  =  sensitivity,  6 

The  Lyman-Alpha  source  lamp  output  varies  with  lens  cleanliness,  source 
voltage,  etc.  By  normalizing  the  above  equation  by  source  strength,  these 
variations  are  effectively  removed. 
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B.  Derived  Variables  and 


Experimentally  determined  variables  were  combined  to  yield 
meteorological  and  electrical  parameters  useful  in  elucidating  the 
structure  of  the  troposphere.  The  paragraphs  below  describe  each  and 
detail  their  calculation. 

(1)  Virtual  potential  temperature,  9V  (K),  e.g.,  tenperature 
extrapolated  to  the  surface  and  corrected  for  water  vapor  content,  was 
calculated  from: 

ev  =  T  [1  +  .61  Q]  (P0/P)0-287 

where  Q  is  the  specific  humidity. 

(2)  Specific  humidity,  Q,  is  derived  from  the  air  pressure,  P,  and  dew 
point  tenperature  saturation  water  vapor  pressure,  e,  using  the  following 
expression: 

Q  (g/Kg)  =  622  e  /  (P  -  0.38  e) 

where  e  (iriB)  =  6.108  (Td  /  273.16)'514  e*'6827  (1/Td  -  1/273-16)> 
and  Td  is  the  dew  point  tenperature  in  degrees  Kelvin. 

(3)  Relative  humidity,  RH,  is  given  by: 

RH  =  e  /  es  (6) 

where  e  and  e8  are  the  saturation  water  vapor  pressures  at  the  measured  dew 
point  and  at  the  ambient  air  tenperature,  respectively. 
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IV.  SURFACE  SCALING,  FLUXES  AND  MODEL  PARAMETERS 

This  section  will  define  -the  parameters  presented  In  the  tables  and 
graphs  of  Section  VI.;  most  were  used  In  evaluating  Willett's  model  of 
turbulent  electric  charge  transport  in  the  PBL  and  are  further  defined  in 
Willett  (1979,  1981).  A  thorough  discussion  of  surface  layer  scaling  and 
Monin-Obukhov  Similarity  Theory  can  be  found  in  Panofsky  and  Dutton  (1984). 

A.  Electrical  Parameters 

(1)  Convection  current,  Jc .  In  the  boundary  layer,  J  is  the  sum  of 
the  Air-earth  conduction  current  density  and  convection  current.  The  two 
were  separated  using: 

Jc  -  JQ  -  E  (  *«.+  \.) 

where  Jc  is  the  convection  or  eddy  current  and  JQ  is  the  average  conduction 
current  density  above  the  inversion,  where  convection  current  is  assumed  to 
be  zero.  Note  that  E  and  JQ,  following  the  "Physics"  convention,  are 
negative  in  fair  weather  while  Jc ,  the  upward  flux  of  positive  space 
charge,  is  positive. 

(2)  The  electrode  effect  source  efficiency  factor,  Jmx ,  (a 
dimensionless  parameter)  is  simply  the  ratio  of  the  maximum  convection 
current  to  the  conduction  current  and  is  given  by: 

J  =  -j  /  j 

mx  c  /  o 

where  Jc  is  measured  near  the  surface  (6  or  15  m  altitude ) . 
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is  calculated 


(3)  The  boundary  layer  electrical  relaxation  time,  , 
from  the  average  total  conductivity  in  the  surface  layer  using  -the 
expression: 

Tx  ( seconds )=  €0  /  (  X<+ A_  ) 

where  6  o  is  the  dielectric  constant  of  free  space. 

(4)  The  small  ion  lifetime,  "h*,  can  be  found  from: 

T„  (seconds)*  [«*•(  X4+X_)/  2  e  k  +  £  {'i  J]-1 

where  cc  is  the  small  ion  recombination  coefficient,  e  is  the  charge  of  a 
proton  or  electron  (1.602  x  10"19  C),  k  is  the  mobility  of  small  singly 
charged  ions  at  constant  temperature  and  pressure,  @  is  the  recombination 
coefficient  between  small  ions  and  large  particles  and  H  is  the  large 
particle  (aerosol)  concentration  as  measured  by  the  OCN  counter.  Polar 
conductivities  and  aerosol  corcentratlcns  were  an  average  from  the  lowest 
100  m  of  the  FBL.  The  following  numerical  values  were  used  for  the 
constants  in  the  above  expression  (Hoppel,  1985). 

ct-  =  1.6  x  10- 12  mPs"1  for  both  deployments 
k  =  0.00012  m2V1s"1  at  sea  level  (Bahamas) 
k  =  0.000137  m2V“1s"1  at  1.1  km  altitude  (Hobbs) 

=  3.18  x  10-12  mPs"1  (Bahamas) 

$  =  1.15  x  10r12  mPs-1  (Hobbs) 

(5)  The  volume  ionization  rate,  q,  was  calculated  using  the  equation 
q  (m'3s_1 )  =  (  X*+  XJ/2ekrn 

where  e,  k,  and  Tn  retain  -the  definitions  and  values  given  above.  Again, 
the  conductivity  values  used  were  from  the  lower  100  m  of  the  PBL. 

(6)  The  dimensionless  potential  drop  across  the  boundary  layer,  V,  is 
the  ratio  of  the  electrical  potential  at  the  inversion  height  ( Z±  )  in  the 
presence  of  convection  current  to  an  estimate  of  the  potential  due  solely 

19 


to  conduction  current.  The  following  equation  was  used  far  its 
calculation, 

V  =  [(  \+>0/(-J0  z±)]  [-J  E,  dz] 

'o 

where  the  polar  conductivity  values  represent  measurements  in  -the  surface 
layer.  The  lower  limit  of  V  obtained  in  the  absence  of  convection  is  1.0. 

B.  Turbulence  and  Meteorological  Parameters 

( 1 )  The  inversion  height,  \ ,  or  thickness  of  the  boundary  layer  was 
determined  for  each  sounding  from  plots  of  Cj,2  and  9V  supplemented  by 
observations  of  cloud  base  altitudes.  There  generally  was  an  uncertainty 
of  50  to  100  m  in  the  selection  of  \  caused  by  limited  sampling. 

The  surface  fluxes  were  evaluated  from  ground  (at  Hobbs)  and  aircraft 
measurements  using  the  bulk  aerodynamic  (Davidson  et  al. ,  1981)  and 
dissipation  (Fairall  et  al.,  1980)  techniques.  Both  methods  rely  on  Monin- 
Obukhov  Similarity  theory  (Panofsky  and  Dutton,  1984)  to  relate  the  mean 
fluctuations  of  temperature  (T),  velocity  (u)  and  moisture  (q)  to  scalar 
surface  fluxes.  The  following  equations  define  the  Mxiin-Obukhov  surface 
scaling  parameters  (starred  quantities)  in  terms  of  eddy  covariance  fluxes: 


momentum: 


p(u'w')  =  -  ^u.2 


sensible  heat:  ^C^(0'w' )  *  -^C^u»T* 

latent  heat:  ^Le(q'w')  =  -^>Leu,q» 

Where  w  is  the  vertical  velocity  ocnponent,  Le  the  latent  heat  of 
vaporization  of  water,  the  density  of  air,  Cp  the  specific  heat  of  air, 
and  the  primed  quantities  denote  fluctuations  about  the  mean. 
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far  velocity 


Using  the  bulk  technique,  the  surface  scaling  para 
temperature  and  hunidity  can  be  represented  by: 

(2a)  u.  =  u*k  [  in  (z/ZG)  -  ^(z/L)]'1 

(3a)  T.  =  (Tz  -  T,  )c*k  [  in  (z/Zot )  -^(z/L)]’1 

(4a)  q»  =  (q*  -  q,)o<k  [  In  (z/ZoT  )  -  ^(z/L)]'1 

where  z  is  the  height  of  the  measurement  and  the  subscripts  s  and  z  denote 
quantities  (wind  speed,  temperature  and  moisture)  at  the  surface  and  at 
height  z.  ZQ  and  Zot  are  roughness  lengths,  L  is  the  Monin-Obukhov  length, 
oc  and  k  are  constants,  and  ‘f'u  and  are  empirical  functions.  The  ratio 
z/L  defines  the  stability  of  the  layer  and  is  calculated  from  the  surface 
drag  coefficients  and  roughness  lengths  in  a  manner  detailed  by  Davidson, 
et  al. ,  (1981).  Another  approach  to  calculating  this  quantity,  using  the 
dissipation  technique,  is  given  below. 

Fluxes  were  not  calculated  by  the  bulk  technique  at  Hobbs  because  a) 
the  wind  speed  gradient  measurements  yielded  unreasonably  long  roughness 
lengths  and  b)  surface  temperatures  were  recorded  only  on  the  last  6 
flights.  For  the  oceanic  data,  literature  values  of  roughness  lengths  and 
drag  coefficients  were  used  in  all  cases. 

Using  the  dissipation  method,  the  scaling  parameters  were  calculated 
as  follows: 

(2b)  u.  =  (0.4  z£)1/3  /(  1  +  0.5  ISI  2/3  )1/2 

(3b)  T,  =  -0.45  (Cj2  )l/2  [z  (  1  +  7 i S |  )]1/3 

(4b)  q.  =  -0.45  (Cq2)1/2  [z  (  1  +  7  ISI  )]1/3 

Where  z  is  the  height  of  the  measurement  and  S  is  the  atmospheric 

stability,  z/L,  discussed  above. 
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S  was  calculated  fear  an  unstable  surface  layer  from  the  fol lowing 
expression  using  an  iterative  process: 

S  =  SG  (1  +  0.5  ISI 2/3  )  (  1  +  7ISI  )1/3 

where  SQ  is  given  by 

S0  =  3.26  (z2/3/T)  [(C,.2)1'2  +  0.61  T  (Cq2)1/2]/  2/3 
S  is  defined  to  be  negative  for  unstable  conditions. 


Una  Munin-Obukhov  length,  L,  is  represented  by: 


(5)  L  =  z/S 


or  L  =  T  u.2/  kg^,, 

where  k  is  Vcn  Karman's  constant  (0.4),  g  is  the  force  of  gravity,  and  9V. 
is  given  by  T,  +  0.61  q,  T.  The  humidity  scaling  parameter,  q, ,  was  not 
included  in  the  Hobbs  calculations  because  it  was  assumed  to  be  negligible. 

The  ratio  -2^/1*  is  an  indicator  of  convection  strength.  L  denotes  the 
approximate  height  where  mechanical  and  buoyant  generation  of  turbulence  is 
equal;  the  larger  the  buoyant  production  of  turbulence,  the  smaller  L 
becomes.  Therefore,  -Zt/L  is  directly  proportional  to  convective  strength. 

(6)  Model  parameter,  R,  the  ratio  of  electric  to  turbulent  time 
scales,  is  calculated  from: 

R  =  u.  \ 

with  large  values  of  R  favoring  large  convection  currents. 
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V.  ELECTRICAL  AND  METEOROLOGICAL  SOUNDINGS 


Tables  and  plots  of  meteorological  and  electrical  soundings  are 
presented  cn  the  following  pages.  Data  are  grouped  according  to  location 
and  flight  and  include: 

1)  A  brief  flight  description. 

2)  Tables  of  averages  and  standard  deviations  frcm  level  runs. 

3)  Plots  of  ladder  profile  data  and  ccnvecticn  current. 

4)  Graphs  of  continuous  ascending  or  descending  soundings. 

5)  Time  series  of  electrical  parameters  (for  selected  flights  over  the 
desert  only). 

6)  Radiosonde  soundings  of  meteorological  parameters  and  wind  profiles 
(far  ocean  flights  only). 

The  flight  descriptions  are  not  exhaustive;  they  are  intended  to  give 
a  summary  of  the  weather  conditions,  flight  locations  and  any  non-routine 
observations.  More  extensive  flight  logs  and  data  keys  are  available  upon 
request. 

Items  5)  and  6)  in  the  above  list  are  only  included  for  selected 
flights.  Time  series  of  aircraft  atmospheric  electrical  parameters  are 
provided  on  Desert  Flights  8  through  16  so  hat  comparisons  can  be  made 
with  groundstatian  data.  MET  soundings  made  at  Nassau  for  several  of  the 
ocean  flights  were  obtained  from  the  Bahamian  Flight  service  and  are 
included  as  an  aid  to  data  interpretation;  a  complete  set  of  soundings  for 
the  oceanic  flights  were  not  readily  available  at  the  time  this  document 
was  prepared. 

A  surmary  of  the  symbols  used  in  the  tables  and  figures  of  this 
section  is  provided  in  Table  1.  Definitions  arid  references  to  the  pages 
where  each  have  been  discussed  are  included  and  differences  between  the 
Hobbs  aid  Rock  Sound  data  sets  are  indicated. 
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Figures  5a  through  5i  are  examples  of  the  graphs  and  plots  presented 
in  this  section.  For  the  sake  of  brevity,  subsequent  figures  will  refer  to 
one  these  plots  for  complete  explanations  of  the  symbols  and  formats  used. 

Ladder  profiles  and  convection  current  plots  are  illustrated  by 
Figures  5a  through  5d.  Data  used  in  these  plots  are  from  the  tables  of 
level  run  averages.  Ladder  profiles  were  not  obtained  on  Hobbs  Flights  1, 

2  and  3  and  convection  current  profiles  are  only  included  on  flights  where 
they  could  be  determined  with  confidence  and  when  ocnpanian  flux  values 
were  available. 

Spiral  and  continuous  soundings  are  exemplified  by  Figs.  5e  through  5h 
with  each  plotted  point  representing  a  5  sanple  average  over  about  a  16 
second  time  interval.  The  ascent  or  descent  rates  from  such  soundings  were 
about  3  m/s,  yielding  a  vertical  resolution  of  approximately  50  m. 

Figure  5i  is  an  example  of  a  time  series  plot  of  electrical 
parameters.  Again,  each  point  represents  a  5  sanple  average  over  about  16 
seconds.  The  aircraft  airspeed  was  usually  60  m/s  which  yields  a 
horizontal  resolution  per  plated  point  of  approximately  1  km.  Aircraft 
altitudes  have  not  been  included  on  the  graph  but  can  be  deduced  from  the 
tables  and  times  of  the  continuous  soundings.  Again,  additional 
information  is  available  upon  request. 

Finally,  a  cautionary  note  is  in  order  for  the  turbulence  data.  Cj2 
values  from  the  ocean  deployment  are  a  factor  of  3  larger  than  those 
expected  from  air-sea  temperature  differences.  Also,  at  Hobbs,  the 
aircraft  fc  values  were  3  times  those  measured  by  the  ground  station.  In 
both  cases,  a  faulty  FMS  unit  is  suspected  to  be  the  cause.  The  reader 
would  be  advised  to  divide  both  parameters  by  3  before  attempting  to  use 
them  in  further  calculations.  Oceanic  fc  data  and  desert  Cj,2  values  are 
reliable  unless  otherwise  indicated. 
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Variable 


Units 


Sunmary  of  Symbols  used  in  graphs  and  t 


Definition 


Time 

Local  Time 

HHM4 

— 

N 

Number  of  Samples  in  average 

- 

Altitude 

Pressure  altitude 

km 

9 

Efield 

Outboard  electric  field  (RSD) 

V/m 

10 

Efieldl 

Outboard  electric  field  (Hobbs) 

V/m 

10 

Efield2 

Inboard  electric  field  (Hobbs) 

V/m 

10 

+Lam 

Positive  conductivity 

chnr  1m* 1 

11 

-Lam 

Negative  conductivity 

ohmr1m"1 

11 

Con  Curr 

Conduction  current 

pA  nr2 

11 

Con  Currl 

Calculated  from  E  fieldl 

If 

11 

Con  Curr2 

Calculated  from  E_field2 

n 

11 

Thetav 

Virtual  Potential  Temperature 

°C 

17 

Rel  Hum 

Relative  humidity  in  % 

- 

17 

CCN 

Cloud  Condensation  Nuclei 

1000  cm"3 

12 

Press 

Atmospheric  pressure 

mB 

9 

EPS 

Velocity  structure  function 

m^s'3 

15 

CT 

Cj,2 ,  Temperature  structure 
function 

°C2nr  2/3 

14 

Cq2 

Humidity  structure  function 

(g/kg)2m_2/3 

16 

Q 

Specific  Hunidity 

g/Kg 

17 

Trose 

Air  temperature 

°C 

9 

T_IR 

Infrared  surface  terperature 

°C 

12 

T_dew 

Dew  point  terperature 

°C 

10 

Zi 

Boundary  layer  thickness 

km 

20 

z/zt 

Normalized  height 

- 

20 
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PCnCNIlRL  lUV) 


The  data  points  plotted  are  electric  field  (solid  line) ,  positive 
conductivity  (+) ,  negative  conductivity  (-) ,  and  conduction  current 
Each  point  represents  a  5  point  average. 


NEW  MEXICO  DATA 

Period:  13  May  1986  to  29  May  1986 
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Date:  13  May  1986 


Takeoff:  1549  MDST  frcm  Hobbs 

Landed:  1743  at  Hobbs 

Conditions:  Mostly  clear  with  scattered  cumulus  at  4.8  km.  Light  surface 
winds. 


Instruments:  Aerosol  and  turbulence  instrumentation  were  not  recorded. 

Summary:  Primarily  a  survey  flight  to  determine  the  best  site  for  the 
ground  station.  Lew  passes  were  made  to  measure  conductivity,  an  indicator 
of  surface  radioactivity,  near  Hobbs  and  Pecos.  Soundings  of  electrical 
parameters  were  made  from  Pecos  enroute  to  Hobbs. 
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(  g/U  g  ) 


THEtfl  (DEG.  C) 

EFLUX  #1  To  HO**  LST 


f: 


2 


light: 

Date:  14  May  1986 

Takeoff :  1438  LT  fran  Hobbs 

Landed:  1753  at  Portales,  IW 
Takeoff:  1843  fran  Portal  es 

Landed:  ca.  1930  at  Hobbs 

Conditions:  Scattered  Cumulus  with  bases  at  5.9  km  and  tops  at  6.5  km.  Hot 
and  dry  with  intense  convection;  light  winds. 

Instruments:  Turbulence  instruments  not  turned  on. 

Summary:  Second  scouting  trip  for  possible  ground  station  site.  Made 
spiral  descent  and  constant  altitude  passes  over  irrigated  farmland  about 
15  km  SW  of  Portales,  IW.  On  the  return  flight,  an  upsounding  to  3.2  km 
was  made  beginning  over  plowed  land  just  S  of  Portales. 


.  CONDUCT  (  1  B''-  MS/M) 


POTENT  1 PL  (kV)  POTENTIAL  (kV) 


,  CONDUCT  C  1  1  4  S/M  )  CUR  .  (.5*1  0-^-  t  2R/M2  )  ,  CONDUCT 


Date:  16  May  1986 


Takeoff:  1740  LT  from  Hobbs 

Landed:  1926  at  Hobbs 

Conditions:  Scattered  cumulus  clouds  (<1/10  cover)  with  bases  at  5.5  km. 
Hot  and  dry  with  lots  of  convection  initially,  but  decreasing  toward  the 
end  of  the  flight.  Light  winds. 

Instruments:  All  worked  properly;  Barnes  Infrared  thermometer  not  turned 
on. 


Summary:  Last  test  flight.  Several  passes  were  made  by  a  ground  station  to 
calibrate  the  electric  field  instruments  and  a  spiral  downsounding  from  5.5 
km  was  executed  over  the  Hobbs  airport. 
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POTENTIAL  ( L V ) 


Figure  8c.  Hobos  Flight  3  spiral  dcwnsounding  (ref.  Fig.  5g) 


Date:  18  May  1986 


Takeoff :  1035  LT  fran  Lea  County  Airport. 

Landed;  1329  at  Hobbs 

Conditions:  Clear  and  dry  with  vigorous  convection  toward  the  end  of  the 
flight.  Winds  at  Hobbs  were  from  the  N  at  about  5  m/s  and  visibility  was 
good. 

Instruments:  All  instruments  worked  properly. 

Summary:  Several  constant  altitude  passes  were  made  by  the  ground  station 
at  Hobbs  then  an  upsounding  was  performed  enroute  to  Carlsbad.  A  ladder 
profile  was  obtained  on  descending  from  4.6  km  over  Carlsbad  beginning  at 
1119  LT  and  ending  at  1200.  A  spiral  profile  interspersed  with  constant 
altitude  runs  was  performed  near  Hobbs  between  1251  and  1324  ending  with 
low  passes  over  the  ground  station. 
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Figure  9c.  Hobbs  Flight  4  ladder  profile  (ref.  Fig  5c).  Figure  9d.  Hobbs  Flight  4  ladder  profile  (ref.  Fig  5b) 


EF1ELD  ( V/m ) 


EF 1  ELD  (V/m)  EF3ELD  (V/m) 

50  100  150  _  0  50  100  150 
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POTENTIAL  ( L V  ) 


Hobbs  Flight  4  continuous  upsounding  (ref.  Fig.  5h) 


f  A >1  >  “IBlJ.N3i.0d 
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(  g/Ug ) 


(  g/k  g  ) 


Hobbs  Flight  4  spiral  downsounding  (ref.  Fig.  5b).  Figure  9y.  Hobbs  Flight  4  spiral  dcwnsounding  (ref.  Fig.  5h) 


Date:  18  May  1986 


Takeoff:  1522  LT  from  Hobbs 

Landed:  1620  at  Hobbs 

Conditions:  No  clouds;  variable  winds  mostly  from  the  NE  at  5  m/s.  Dry 
with  good  oonverrticn  as  evidenced  by  bumpy  aircraft  ride.  Good  visibility. 

Instruments:  All  worked  properly. 

Summary:  Executed  slow  spiral  ascent  to  4  km  followed  by  a  spiral  descent 
and  constant  altitude  runs  over  the  ground  station. 
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Table  3.  Hobbs  Flight  5  averages  and  (standard 

deviations) /averages  for  constant  altitude  runs  over 
the  ground  station. 


fM.HK£S  CRDH  L£06L  NUNS 


line 

N 

Altitude 

tfieldl 

£field2 

•Ld# 

-La* 

Curt  Curl 

Con  Cur2 

lleta  v 

muy 

Hill 

k« 

0/n 

V/« 

10" -14 

r-14 

10"  -12 

10-12 

C 

1531 

35 

2.780 

,  24.24 

20.01 

5. 10 

7.01 

3.28 

2.71 

26.8 

1540 

55 

2.053 

33.35 

37.76 

3.21 

3.72 

2.56 

2.45 

22.0 

1546 

48 

1.525 

:fi.38 

5R.CC 

2.32 

2.40 

2.74 

2.75 

20.6 

1551 

41 

.830 

66.16 

63.08 

1.94 

2.00 

2.74 

2.78 

IS. 7 

1568 

47 

.285 

77.74 

78.50 

1.76 

2.21 

3.11 

•  3.15 

19.6 

1602 

46 

.151 

80.20 

80.16 

1.74 

2.04 

3.02 

3.02 

18.9 

1606 

24 

.061 

84.62 

84.55 

1.82 

1.94 

3.18 

3.18 

19.1 

1610 

11 

.015 

87.56 

87. S3 

1.54 

2.21 

3.64 

3.64 

19.4 

1614 

15 

.006 

86.87 

86.80 

1.85 

2.20 

3.52 

3.53 

19.4 

Time 

N 

Press 

fcl  Hun 

Cli 

£Pli 

Cf 

u 

Cross 

C  IR 

C  Jeu 

\m 

rtfi 

1. 

</rc 

at 2/?3 

C2/B. 2/3 

r 

w 

C 

C 

1531 

35 

617 

20.3 

.6 

4.83c  -05 

1.176-03 

1.00 

-3.0 

0.0 

•22.7 

1540 

55 

678 

43.8 

6.4 

6.20L-03 

8.426-03 

2.40 

-.3 

0.0 

-11.1 

1546 

43 

733 

41 .3 

7.6 

S.33E  83 

1.526-03 

2.9/ 

4.4 

0.0 

-7.4 

1551 

41 

786 

31.0 

B.4 

7.576  03 

1.21E-03 

3.02 

10.3 

0.0 

-6.1 

1558 

47 

858 

21.8 

9.2 

1.62E  02 

6.69E-03 

2.91 

16.2 

0.0 

-5.6 

1602 

46 

871 

21.1 

9.9 

1.176  02 

9.47E-03 

2.90 

16.9 

0.0 

-5.5 

1606 

24 

881 

19.8 

9.8 

5.79£02 

5.776-02 

2.87 

18.0 

0.0 

-5.4 

1610 

11 

886 

18.4 

9.3 

1.23E01 

1.99E-01 

2.80 

18.8 

0.0 

-5.7 

1614 

15 

886 

18.8 

9.0 

2.586-01 

3.486-01 

2.85 

13.3 

0.0 

-5.4 

'  HAMM)  LEUlftT IOKS/MEAN  UtiliS 


line 

Lfieldl 

£field2 

-Lbm 

Corcurl 

Culture 

COt 

lPS 

Cl  2 

9 

1531 

.1)40 

.053 

.014 

.02/ 

M 

•05<j 

.604 

.309 

.254 

.063 

1540 

.212 

,222 

.360 

.177 

.IK' 

.6=15 

.023 

.836 

.253 

1546 

.034 

.034 

.101 

!l24 

.113 

.112 

.187 

1.010 

.543 

.077 

155! 

.027 

.025 

.055 

.962 

.075 

.074 

.102 

.535 

,421 

.028 

1558 

.043 

.035 

.1)84 

.035 

.099 

.097 

.03*3 

.545 

.623 

.047 

1602 

.040 

.037 

.056 

,046 

.075 

.070 

.060 

.634 

.607 

.033 

1606 

.037 

.031 

.070 

.or>) 

.071 

.050 

.101 

.733 

.757 

.017 

1510 

.078 

.OicJ 

.050 

.021 

.104 

.084 

.067 

.542 

,44e 

.008 

1614 

.036 

.<>39 

.041 

MU 

.Me 

.114 

.029 

.524 

,418 

.030 
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POTENTIAL  (LV)  POTENTIAL  (kV) 

100  200  300  ^  0  100  200  300 
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(  g/Ug ) 


Date:  19  May  1986 


Takeoff:  1021  LT  from  Hobbs 

Landed:  1120  at  Hobbs 

Conditions:  Clear  skies,  cooler  than  normal.  Visibility  was  reduced 
because  of  high  aerosol  density.  Winds  were  from  the  SSE  at  5  m/s. 

Instruments:  Both  conductivity  tubes  were  slightly  noisy. 

Summary:  Low  altitude  passes  were  mate  over  the  ground  station  at  the 
beginning  of  the  flight  followed  by  a  slow  spiral  descent  from  4.6  km  over 
the  Hobbs  airport. 
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Table  4.  Hobbs  Flight  6  averages  and  (standard 

deviations) /averages  for  constant  altitude  runs  over 
the  ground  station.  Data  from  1107  LT  are  not 
reliable. 


MRAGES  FHDH  LEVEL  flNS 


Ti«e 

N 

Altitude 

tficldl 

6field2 

Hill 

trie 

0/« 

V/m 

1031 

35 

.55(1 

84.66, 

33.85 

103G 

44 

1.180 

62.90 

61.32 

1046 

31 

t  .135 

66.42 

65.02 

mf- 

-ja¬ 

- r888— 

il 

.015 

Kfc.54 

106.37 

1113 

13 

.006 

103.50 

109.98 

iiin 

mi 

.140 

100.38 

S9.72 

1118 

25 

38.75 

99.32 

39 

.015 

103.42 

102.07 

<La» 

-tan 

Con  Curl 

Con  Cur2 

10" -14 

10--14 

1fl"-12 

10-12 

1.20 

1.31 

2.56 

2.34 

1.53 

1.71 

2.02 

1.97 

1.53 

1.74 

_ i  r~. 

2.00 

1.35 

4  1 

1.17 

■  1 1 04  ■ 

3.16 

3.15 

1.30 

1.46 

3.03 

3.04 

1.47 

2.99 

2.96 

1.23 

1.31 

2.SQ 

2.61 

1.31 

1.20 

2.58 

2.37 

Meta  v 
C  " 


13.4 
20. 3 
20.2 
-M 
20.1 
20.2 
20.G 
21.2 
17.1 


lime 

N 

2ress 

Mel  Imt 

irttl 

ail 

7. 

1031 

35 

830 

28.6 

1036: 

44 

76.7 

24.1 

1041 

31 

7/1 

34.2 

m- 

-ta¬ 

- 8Sr 

- 61/1 

1110 

li 

886 

22.3 

1113 

13 

887 

22.2 

1116 

10 

873 

23.7 

1118 

25 

856 

24.4 

1120 

33 

886 

26.1 

CCK  L:,°6  CT  Q 
</c'  ,i27c8  (2/in2/3  cyV;j 

13.0  6.636-03  2 .396-03  3.2G 

14.2  2.841-03  8.126-03  2.S3 

.5  2.8SE  03  6.72:1-03  2.33 

03  1 .156  02 - 

26.7  1.366  01  1.68E-01  3.50 

2-6.0  4.516-  01  4.686-01  3.52 

27.3  4.316  02  5.736-02  3.S0 

23.4  2.336  02  2.026-02  3.57 

28.5  1.266-02  5.786-03  3.35 


Trass 

I.  Li 

1  (Mu' 

C 

(' 

V 

(: 

13.3 

0.0 

-4.6 

7.9 

0,0 

-7.0 

8.2 

0.0 

-6.7 

- Ml — 

OiU 

- Wr 

1S.3 

0.0 

-2.8 

19.5 

0.0 

-2.7 

18.5 

0.0 

-2.6 

17.6 

0.0 

-2.9 

16.3 

0.0 

•3.2 

DEVimiONS/i-ERN  VALUES 


line 

If  ielc.il 

'-f  ielo2 

+Lam 

-Lain 

Corairl 

Cortur2 

CCN 

EPS 

Cl  2 

5 

1031 

.037 

.041 

.057 

.059 

.042 

.045 

.0-31 

.430 

.423 

.015 

1038 

.091 

.068 

.128 

.193 

.142 

,134 

.885 

.791 

.075 

1046 

.132 

.138 

.128 

.2?] 

.129 

,126 

.3D5 

.753 

.587 

.077 

1107 

.077 

.074 

.062 

.  153 

.as 

.099 

.2*56 

.656, 

.727 

.070 

1110 

.058 

.050 

.063 

.0-37 

.097 

.093 

.003 

.307 

.387 

,008 

1113 

.042 

.035 

.050 

.107 

.  1U5 

.109 

.Uft 

.464 

.332 

.010 

1116 

.0S5 

.039 

.282 

0.000 

.345 

.323 

.113 

.383 

.317 

.010 

1118 

.084 

.075 

TjO 

■  tJj 

.956 

.113 

.104 

,154 

.6,54 

.865 

.014 

1120 

.040 

.037 

.317 

.141 

.104 

.108 

.171 

.441 

.547 

.020 
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EF 1  ELD  (V/m)  EF 1  ELD  (V/m) 

50  100  150  .  0  50  100  150 


POTENTIAL  IkV) 


Date:  19  May  1986 


Takeoff:  1355  LT  fncm  Hobbs 

Landed:  1459  at  Hobbs 

Conditions:  Clear  skies  with  SSW  winds  at  5  m/s.  Visibility  was  reduced 
because  of  high  aerosol  concentrations.  A  fairly  cool  day  with  only 
moderate  convection. 

Instruments:  Negative  conductivity  was  very  noisy  on  low  altitude  passes; 
positive  conductivity  was  somewhat  better  but  still  noisy.  The  computer 
data  acquisition  system  crashed  near  the  end  of  the  flight  losing  several 
minutes  of  data. 

Sumnary:  The  flight  consisted  of  a  coarse,  ascending  ladder  profile  over 
the  ground  station  at  Hobbs  followed  by  a  slow  spiral  descent  over  the  same 
area.  More  constant  altitude  passes  were  made  over  the  ground  station  at 
and  of  the  flight. 
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Table  5.  Hobbs  Flight  7  averages  and  (standard 

deviations ) /averages  for  constant  altitude  runs  over 
the  ground  station.  The  turbulence  data  from  1456  LT 
are  not  reliable. 


ineftts  ran  tm  nuns 


line 

N 

Hltitude 

Efieldl 

Ktfl 

kir. 

0/a 

1400 

51 

.611 

76.08 

1408 

44 

1.830 

65.42 

1417 

34 

3.338 

18.73 

1425 

71 

2.201 

53.10 

1440 

22 

.006 

64.67 

1442 

20 

.015 

89.38 

1446 

41 

.061 

30.16 

1451 

46 

.151 

91.21 

1453 

21 

.32(1 

90.48 

144B 

10 

.006 

95.18 

line 

N 

i’ress. 

Rel  rludi 

lift 

itiH 

7. 

1400 

51 

825 

22.8 

1409 

44 

705 

31.8 

141? 

34 

3:4 

23.2 

1425 

71 

671 

49.4 

1440 

22 

88? 

17.3 

1442 

20 

806 

17.8 

1446 

41 

801 

18.1 

1451 

4b 

872 

18.9 

1453 

21 

854 

20.4 

1456 

10 

887 

20.4 

Efield2 

Van 

-'.am 

O/o 

nr -14 

10" -14 

74.57 

1.43 

1.53 

63.37 

2.03 

2.04 

17.70 

3.59 

0.84 

52.47 

2.65 

3.01 

83.10 

1.23 

1.1? 

89.35 

1.18 

.73 

90.0? 

1.34 

.63 

91.24 

1.15 

.85 

97.45 

.87 

.68 

94.80 

1.09 

.84 

CCN 

Lr  o 

Cl 

k/cc 

m2/i3 

C2/«2/a 

10.5, 

1.26L  02 

4.566-03 

4.7 

7.386  03 

2.396-03 

•  J 

1.206- 05 

2.796-04 

3.4 

1.026  02 

1.026-02 

24.7  6.61601  S.51E-01 
26. S  1.806-01  2.39E-01 

24.4  4.02L-02  4.66E-02 
27.0  1.9X1  02  1.296-02 
28.0  1.506  02  6, 766-03 

28.5  -hlflC  02  j.DC  02' 


Ccn  Curl 

Con  Cur2 

lleta  v 

10-12 

10--12 

C 

2.20 

2.16 

22.8 

2.66 

2.57 

24.7 

3.44 

3.26 

34.3 

2.93 

2.90 

26.2 

2.01 

1.38 

23.3 

1.G5 

1.66 

22.7 

1.99 

1.99 

22.6 

1.75 

1.75 

22.13 

1.52 

1.51 

23.1 

1.83 

1.82 

19.6 

j 

lroee 

1  IR 

1  ca. 

flee 

r 

v* 

C 

C 

3.16 

16.2 

47.7 

-5.0 

3.11 

5.2 

47.7 

-7.3 

1,41 

-4.7 

46.9 

-20.0 

3.36 

2.6 

48.4 

-7.0 

3.32 

22.6 

49.0 

-3.4 

3.29 

22.0 

49.4 

-3.6 

3.25 

21.4 

48.7 

-3.8 

3.253 

20.7 

48.0 

-3.8 

3.31 

19.2 

48.3 

-4.0 

3.14 

19.0 

46.9 

-4.2 

siftuwi  oeyifti  icte/Hfcp/4  wuis 


line 


1000 

m 

1417 

14/., 

1440 

,442 

1445 

141:1 

1455 

1456 


cf  jeJol 

wt ieic2 

LcUTl 

-  ia.ni 

Curcurl 

Corcur2 

o» 

L?S 

Cl  2 

Q 

•  i 

.166 

.103 

.196 

.124 

.134 

.575 

.830 

.015 

.038 

.036 

.087 

.154 

.100 

.’O' 

.17? 

.451 

.513 

.(,?? 

.0? , 

.04;- 

.046 

.015 

.0)4 

.075 

.125 

1  M\ 

,0?j 

.075 

.120 

.121 

.214 

.300 

.13(1 

.133 

.364 

,',00 

.937 

.028 

.151 

1*  ' 

.142 

.216 

•296 

.339 

.235 

.320 

.205 

.013 

.05*. 

.  oCt 

.001 

.176 

.156 

’ii? 

.21? 

.319 

.236 

.010 

.04; 

,i)4; 

.102 

.jr 

.203 

.204 

.104 

.  >:4 

.193 

.011 

.031 

.  02 1 

.175 

./23 

..3u 

•A  t 

..15. 

..62 

.548 

.015 

.02; 

.120 

.142 

.107 

•  Vh 

.ill 

J.'l 

.573 

,017 

.015 

.015 

.080 

.47 

.;w 

.052 

.233 

.536 

.001 
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EF 1  ELD  CV/m) 

00  150  „  „0  50  100 


c^>ii  aNnoyo  3aosu  ii-or3i-i 
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OT  ENT  1 PL  (UV)  POTENT 


SPEC.  HUM. 


"THEIR 


Date:  19  May  1986 


Takeoff :  1646  LT  fran  Hobbs 

Landed:  1800  at  Hobbs 

Ctanditicns:  Bright  sunny  day  with  no  clouds;  gusty  winds  from  the  SW. 
Several  dust  devils  were  observed  over  the  burned  area  adjacent  to  the 
airport-  The  surface  layer  was  somewhat  hazy  from  the  presence  of 
aerosols. 

Instruments:  The  negative  conductivity  tube  was  very  noisy. 

Summary:  Followed  the  usual  flight  procedure,  i.e.,  a  ladder  profile  was 
obtained  over  the  ground  station  while  climbing  to  the  flight  apex  of  4.6 
km  and  a  dcwnsounding  was  performed  while  descending  in  a  slow  spiral  over 
the  same  area. 
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Table  6a.  Hobbs  Flight  8  averages  for  constant  altitude  runs 
over  the  ground  station. 


AUERfttS  HOi  LEW.  (416 


line 

N 

Altitude 

Ef ieldl 

\m 

La 

07a 

1650 

21 

.828 

78.75 

1552 

38 

1.214 

70.47 

1656 

36 

1.(140 

‘.4.69 

1701 

44 

2.475 

37.27 

1707 

50 

3.512 

16.15 

1737 

9 

.008 

81.95 

1740 

14 

.006 

00.22 

1741 

30 

.151 

72.72 

1744 

18 

.006 

82.56 

1745 

24 

.015 

82.81 

1749 

21 

.166 

77.81 

1751 

28 

.031 

81.97 

175.4 

21 

.181 

86.34 

fiine 

N 

Press 

Hel  Hum 

(MU 

nfi 

7. 

1S50 

21 

821 

21.2 

1652 

X 

762 

29.4 

1655 

X 

702 

36.5 

1701 

44 

643 

41.5 

1707 

50 

555 

23.3 

1737 

9 

883 

16.8 

1740 

14 

883 

16.8 

1741 

30 

869 

17.9 

1744 

18 

883 

15.5 

1748 

24 

882 

17.1 

1749 

21 

857 

18.1 

1751 

28 

878 

17.3 

1754 

21 

885 

19.0 

Efielc2  ''Lan  -Laa  Con  Curl  Con  Cur?  Iheta  w 
W/i i  10  -14  10^14  10A-12  10A-12  i; " 


74.45 

1.31 

1.15 

63.19 

1.15 

1.4G 

52.38 

2.1? 

2.47 

35.33 

5. G0 

4.00 

14.38 

10.00 

9.21 

81.48 

1.23 

2.X 

80.X 

1.31 

.41 

72.55 

1.48 

1.56 

81.84 

1.45 

1.61 

82. S3 

1.20 

1.77 

78.24 

.89 

1.52 

81.25 

1.38 

1.S4 

85.18 

1.0(i 

.37 

1.89 

1.64 

23.9 

1.94 

1.08 

24.0 

2.53 

2.49 

25.3 

2.31 

2.48 

r* 

a o.o 

3.10 

2. 87 

35.0 

2.97 

2.95 

23.4 

1.62  • 

1.62 

23.6 

2.25 

2.24 

23.3 

2.69 

2.67 

23.6 

2.45 

2.45 

23.1 

2.14 

2.15 

23.2 

2.40 

2.37 

23.1 

1.21 

1.19 

23.6 

Oli  EPC  Cl  9  Trose 
if/cc  '«t?/s3  C2/tii2/3  g/lcg  C 


T_N  I  deu 
C  C 


14.5  1.34E-02  2.596-03 
14.4  4.21E-03  7.49E-04 

5.7  7.70E-03  1.3GE-03 

3.7  2.756  03  3.31E-03 
.1  8.83E-06  2.17E-04 

11.2  1.30-  01  1.48E-01 

11.1  1.186-01  1 .23E-01 
10.O  1.151-02  7.51E-fi3 
10.9  7.586 -02  9.126-02 

10.2  3.07E  02  4.436-02 

3.5  9.316  03  4.39E-03 

5.8  2.871  02  1. 396-02 

15.3  9.75E  03  G.486-Q3 


3.13 

17.1 

37.2 

-5.3 

3.17 

11.1 

37.5 

•6.0 

2.9? 

5.3 

37.3 

-7.9 

2.46 

.0 

35.5 

-11.5 

1.22 

-3.5 

35.5 

-21.6 

3.27 

22.8 

33.5 

-3.7 

3.30 

22.3 

33.U 

-3.G 

3.23 

21.2 

32.8 

-4.1 

2.2G 

23.0 

33.2 

-3.7 

3.24 

22.3 

33.3 

-3.8 

3.21 

21.0 

33.5 

-4,:> 

3,22 

21.2 

35.5 

■4.0 

3.43 

21.2 

35.7 

•3.3 
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Table  6b.  Hobbs  Flight  8  (standard  deviations ) /averages  for 
ocnstant  altitude  runs  over  the  ground  station. 


STAHH®  OtWATKNS/ICflN  UfiLUES 


Tiae 

Efieldl 

tfield2 

+Laft 

-L» 

Corcurl 

Corcur2 

(01 

EPS 

□2 

a 

1650 

.051 

.049 

.110 

.164 

.113 

.113 

.085 

.558 

.532 

.013 

1652 

.045 

.053 

.128 

.183 

.162 

.158 

.193 

.346 

.391 

.027 

1656 

.014 

.018 

.071 

.084 

.087 

.087 

.079 

.491 

.368 

.054 

1701 

.120 

.134 

.164 

.220 

.089 

.088 

.412 

.581 

.772 

.157 

1707 

.032 

.040 

.019 

.020 

.034 

.041 

.574 

.£0 

.785 

.034 

1737 

.063 

.047 

.108 

.059 

.126 

.113 

.010 

.143 

.155 

.011 

1740 

.056 

.054 

.100 

1.263 

.235 

.287 

.049 

.511 

.418 

.016 

1741 

m 

.085 

.066 

.167 

.150 

.153 

.081 

.591 

1.083 

.012 

1744 

.063 

.058 

.077 

.032 

.068 

.065 

.053 

.514 

.422 

.012 

1748 

.057 

.057 

.(83 

.140 

.11? 

.117 

.152 

.398 

.349 

.012 

1749 

.0S3 

.056 

.140 

.119 

.179 

.172 

.101 

.483 

.575 

.029 

1751 

.029 

.030 

.104 

.491 

.263 

.063 

.245 

.197 

.015 

1754 

.028 

.029 

.088 

.35/ 

.161 

.158 

.031 

.569 

.744 

.011 
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CONDUCT  (  10- —  1  4S,'N  >  CUR  .  (  .5*10 —  I  2R/M2  )  ,  CONDUCT  (  10 —  MS/h) 


HUM  . 


THETR  (DEG.  C) 


Flight:  9 


Date:  22  May  1986 
Takeoff:  0958  LT  frcm  Hobbs 

Landed:  1127  at  Hobbs 

Conditions:  Cirrus  and  scattered  cumulus  clouds  with  bases  at  5.3  km 
covered  the  work  area.  The  PBL  looked  very  hazy  viewed  from  the  aircraft. 
Variable  winds  mostly  from  the  W  at  5-7  m/s. 

Instruments:  The  top  and  bottom  probe  inputs  were  reversed  to  the  outboard 
electric  field  system  in  an  attenpt  to  correct  the  anomalous  Air-Earth 
Conduction  Current  Densities  observed  in  previous  flights/*  All  other 
instruments  worked  properly. 

Summary:  A  ladder  profile  was  made  while  ascending  50  km  NE  of  Hobbs  under 
partly  cloud/  skies.  The  aircraft  was  over  a  solid  deck  of  clouds  between 
1042  and  1046  LT  at  7.2  km  altitude.  A  dcwnsounding  was  obtained  from  a 
spiral  descent  starting  NE  of  Hobbs  and  ending  over  the  airport. 
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Table  7.  Hobbs  Flight  9  averages  and  (standard 

deviations )  /averages  for  constant  altitude  runs  50  km 
NE  of  Hobbs. 


MEfflGES  FROM  LEW1L  RUNS 


lj«fc 

N 

Altitude 

tlieldl 

tfielcC 

OdK 

1  1  1  1  1 

kr> 

V/m 

07(1 

10'  -14 

1010 

21 

.509 

5-0.95 

49.11 

1.73 

1013 

40 

1.233 

35.91 

34.52 

2.33 

1018 

4G 

2,188 

51.34 

50.13 

1.51 

103G 

35 

6.194 

5.77 

6.94 

22.25 

1043 

B0 

8.190 

3.50 

5.25 

22.50 

1118 

21 

.125 

55.50 

55,10 

2.02 

1120 

21 

.310 

55.79 

55.34 

1.72 

1124 

25 

.480 

54.82 

54.29 

1.G2 

line 

W! 

H 

Press 

in8 

Rel  Run 
•7. 

CCN 

k/cc 

r  r  N 

cr*; 

likVii 

1010 

21 

820 

17.0 

4.9 

4.457  03 

1013 

40 

75? 

17.6 

1.3 

2.088-03 

1018 

48 

871 

46.2 

1.0 

3.338  OS 

1038 

35 

352 

54.7 

.1 

1.328-04 

1043 

80 

352 

37.2 

.1 

8.358  05 

1118 

21 

866 

12.5 

3.3 

2.446-02' 

1120 

21 

848 

13.6 

5.0 

2.138  02 

1124 

25 

833 

14.4 

3.1 

7.248-03 

-La 

Con  Curl 

Con  Cur2 

Ihela  y 

10" -14 

10" -12 

10-12 

1, 

1.83 

1.81 

1.75 

27.0 

3.01 

1.81 

1.94 

29.1 

2.0? 

2.03 

1.9° 

31.8 

20.31 

2.48 

2.98 

54.2 

20.59 

1.50 

2.28 

54  2 

2.40 

2.34 

2.32 

27.1 

2.05 

2.1? 

2.15 

28.1 

2.14 

2.09 

2.0/ 

27. u 

Cl 

a 

Irose 

OR 

Ijeu 

C2/m273 

g/kq 

C 

L 

i: 

1.036-03 

3.11 

20.5 

22.3 

-5.4 

2.278-03 

2.50 

15.1 

11.8 

-5.2 

2.586-04 

4.B3 

9.! 

11.7 

-2.7 

1.306-03 

1.07 

-21.4 

11.7 

-28.1 

5.826-04 

.74 

-21.2 

17.1 

-32.0 

2.136-02 

2.89 

25.4 

17.1 

-5.6 

1.31E-C? 

3.06 

24.5 

17.1 

-5.1 

2.476-03 

2.93 

22.5 

17.1 

-5.9 

awn®  d^micns/wem  vrlues 


Tine 

tfieldl 

Efiekf 

'lam 

1010 

.018 

.019 

.053 

1013 

,032 

.031 

.036 

1018 

.034 

.033 

.02? 

1036 

.038 

.005 

.021 

1043 

.311 

.'22  7 

.011 

1118 

.025. 

.020 

.082 

1120 

.025 

.025 

.031 

1124 

.022 

.015 

.060 

"Lcifl! 

Curair  1 

Corcur2 

(CM 

EPS 

CT2 

5 

.052 

.034 

.038 

.545 

.526 

.828 

.052 

.042 

.028 

.029 

.220 

1.150 

.800 

.064 

.032 

.031 

.031 

.045 

.219 

.239 

.02? 

.020 

.039 

.090 

.123 

1.261 

.572 

.102 

.005 

.325 

.23*3 

.115 

.  1 

.278 

.113 

.063 

.104 

.106 

.110 

.-,76 

.727 

.015 

.015 

.127 

.128 

.129 

1.130 

1.574 

.041 

.050 

.06? 

.066 

.11^ 

.483 

.7-8 

.026 
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00 


POT  ENT  1 PL  (UV) 


spec.  Hun. 


-FIELD  (V/M) 


TIME 

?.?.  MPY  85  Fl_ 1 GHT  #3  104500  TO  110000  L  ST 

Figure  14k.  Hobbs  Flight  9  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 
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CURRENT  (.5X1  0 —  1  2R/M2  )  .  CONDUCT  (  1  0. —  1  45/11) 


Date:  23  May  1986 


Takeoff:  1009  LT  from  Hobbs. 

Landed:  1025  at  Hobbs 

Conditions:  High  cirrus  clouds  with  winds  from  the  N  at  5-7  m/s. 
Instruments:  see  below 

Summary:  The  flight  was  aborted  because  of  an  equipment  malfunction. 
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Date:  24  May  1986 


Takeoff:  1042  LT  from  Hobbs. 

Landed:  1217  at  Hobbs. 

conditions:  High  cirrus  and  altostratus  clouds  covered  abcut  1/4  of  sky. 

The  PEL  was  hazy  and  winds  were  variable  but  mostly  from  the  E  at  3-5  m/s. 

Instruments:  All  worked  properly  initially.  All  the  wires  cn  the 
turbulence  probes  were  broken  by  particle  impacticn  near  the  apex  of  the 
flight  when  the  aircraft  passed  through  a  cirrus  cloud.  The  upsounding  was 
interrupted  by  a  computer  crash. 

Summary:  The  flight  consisted  of  up-  and  downscundings  over  Hobbs  followed 
by  passes  over  the  ground  station.  No  turbulence  data  was  obtained  on  the 
spiral  descent  or  the  constant  altitude  runs  because  of  broken  probes. 


I 


92 


Table  8.  Hobbs  Flight  11  averages  and  (standard 

deviations) /averages  for  constant  altitude  runs  over 
the  ground  station. 


«£!WES  FfOt  liUEL  RUNS 


line 

N 

filtitude 

Efielol 

[field? 

+La» 

-Ian 

Con  Curt 

Con  Cur2 

lheta  w 

rVTn 

km 

\l/n 

U/» 

10" -14 

nr -14 

10-12 

1Q"-12 

C 

1 156 

10 

.H£ 

32.83 

89.63 

1.68 

1.?4 

3.1? 

3.06 

2?. 6 

1200 

13 

.006 

38.11 

33.31 

1.44 

1.54 

2.33 

2.80 

27.9 

1202 

11 

.019 

1U8.DG 

104.3? 

1.40 

1.55 

3.21 

3.08 

28.0 

120? 

21 

.031 

104,68 

101.29 

1.4G 

1.70 

3.30 

3.20 

27.5 

1209 

34 

.151 

38.43 

95.32 

1.30 

1.48 

2.70 

2.62 

27.4 

1212 

12 

.310 

116.22 

112.25 

1.21 

1.42 

3.05 

2.95 

27.6 

line 

N 

:-'rest  P 

el  fin 

ten 

EPS 

Cl 

0 

lrose 

1  IS 

1  dew 

WH 

io0 

7 

k?cc 

m2/'s3 

C2/a2/3 

yTkg 

c 

r 

C 

1156 

10 

b84 

49.1 

5.6 

2.41L  16 

u.oge+oo 

11.31 

25.5 

17.1 

14.0 

1200 

13 

m 

45.1 

6.4 

1.496-16 

0.006+00 

11.4? 

25.7 

17.1 

14.2 

1202 

11 

683 

49.2 

5.9 

1.15t- 1C 

0.006*00 

11.50 

25.7 

17.1 

!4.3 

1207 

21 

881 

43.3 

5.1 

8.756-1? 

0.006+00 

10.94 

25.2 

17.1 

13.5 

1209 

34 

its 

56. C 

G.3 

6.066- 1? 

0.006+00 

11.82 

23. B 

17.1 

14.5 

1212 

12 

853 

56.4 

5.3 

5.616-1? 

0.006*00 

11.25 

22.5 

17.1 

13.4 

sifMiflfiD  OEvuniONS/icm  urlues 


lime 

Efieldl 

EfifclcC 

+Lani 

-Lam 

Corcurl 

Cortur2 

CCN 

EPS 

Cl? 

5 

115S 

.057 

.067 

.080 

.062 

.053 

.07? 

.003 

.084 

0.000 

.013 

1200 

.006 

.055 

.073 

.051 

.114 

.088 

.022 

.032 

u.otki 

.040 

1202 

.100 

.101 

.055 

.141 

.153 

.045 

.034 

0.000 

.018 

1207 

.063 

.062 

.089 

.054 

.086 

.086 

.058 

.205 

O.OfiO 

.033 

1209 

.033 

.045 

.084 

.090 

.084 

.087 

.100 

.104 

0.000 

.020 

1212 

.025 

/j?J 

.032 

.033 

.026 

.028 

.043 

.062 

0.000 

.034 
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Figure  15e.  Hobbs  Flight  11  ladder  profile  (ref.  Fig. 


[*¥•] 


24  MRY  6  6  FLIGHT#11  110000  TO  111500  L5T 

Figure  151.  Hobbs  Flight  11  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 


24  NR Y  8G  FLIGHT#!  1  104500  TO  110000  L  ST 


Figure  15m.  Hobbs  Flight  11  time  series  of  electrical  parameters 
(ref.  Fig.  5i) 


CURRENT l  .5X1 0~- I 2R/M2 1  . CONDUCT (  1 Q-'- 14  5/M 1  CURRENT  <  .5X10^-! 2B/H2 1 , CONDUCT (  10^-1  45/Ml 


Flight:  12 


Date:  27  May  1986 
Takeoff:  1457  LT  from  Hobbs. 

Landed:  1717  LT  at  Lea  County  Airport. 


Conditions:  High  cirrus  with  seme  altocumulus  and  scattered  cumulus.  Winds 
were  variable  but  mostly  from  the  NE  at  5  m/s. 


Ihstrunents:  All  worked  properly. 


Sunnary:  After  takeoff,  the  aircraft  ascended  enroute  to  Roswell  where  a 
spiral  downsounding  was  performed  starting  at  1544  and  ending  at  1605  LT. 

A  linear  upsounding  was  made  between  Roswell  and  Hobbs  from  1614  to  1636  LT 
and  was  followed  by  a  spiral  descent  from  7  km  over  the  ground  station 
aiding  at  1701  LT.  A  partial  ladder  profile  was  obtained  over  the  ground 
station  just  before  landing. 
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Table  9.  Hobbs  Flight  12  averages  and  (standard 

deviations) /averages  for  constant  altitude  runs  over 
the  ground  station. 


I  Wt  RAGES  rRUi  LEWLL  iUfi 


line 

N 

Altitude 

Efieldl 

£f ielo2 

-Lan 

Con  lurl 

Con  Cur 2 

Iheta  v 

ttlti 

kai 

0/m 

o/ffl 

10'  -14 

10' -14 

10-12 

or -12 

c 

1701 

IB 

.006 

84.75 

84.82 

2.31 

2.53 

4.11 

4.11 

20.5 

1702 

V5 

.00b 

38.76 

87. OS 

2.23 

2.33 

4.44 

4.35 

21.3 

1704 

21 

.015 

87.33 

8G.39 

2.33 

2.14 

4.30 

4.25 

20.8 

170S 

24 

.031 

86.37 

87.21 

2.23 

2. SI 

4.33 

4.2b 

20.7 

1703 

2B 

.151 
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2.44 

3.44 

3.40 

20.3 

1711 

30 

.310 

72.44 

71.73 

2.0/ 

2.21 
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3.13 

20.3 

Tine 

H 
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ecu 
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Cl 

5 

Trose 

OR 

1  dew 
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y/r.o 

k- 

L 

C 

1701 

is 
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4.3 

1.57L  Ml 

1.725.-01 

5.S2 

12.4 

32.8 

3.8 

1702 

15 

88/ 

34.1 

4.2 

3.476  01 

3.833-01 

5.66 

20.2 

33.4 

3.5 

1704 

21 

iik 

34.7 

5.5 

i.aet-01 

1 .5SE-01 

5.60 

19.7 

32.4 

3.7 

1706 

24 

aa'S 

35.1 

6.2 

7.026-02 

8.406-02 

5.57 

15.4 

31.6 

3.G 

1703 

28 

871’ 

37.7 

5.8 

1.341(12 

2.S8E-03 

5.49 

17.8 

31.2 

3.2 

1711 

30 

fcS 

41.1 

G.3 

1.336-02 

4.976-03 

5.53 

15.3 

31.0 

3.1 

siwhi)  mrnm/m  aitis 


line 

Efieldl 

LfielcS 

-Lam 

Ccficurl 

Corcur2 

CCH 

EPS 

CT2 

G 

1701 

.137 

.154 

.055 

.063 

.145 

.153 

.005 

1.051 

.855 

.013 

1702 

.163 

.125 

.077 

.047 

.192 

.ise 

.010 

.268 

.196 

.015 

1704 

.125 

.125 

.f/5U 

.045 

.153 

,134 

.021 

.61/ 

.577 

.015 

1706 

.115 

.112 

.073 

.060 

.116 

.120 

.008 

.323 

.427 

.013 

1709 

.034 

.032 

.052 

.049 

.052 

.051 

.088 

.334 

.458 

.011 

1711 

.023 

.016 

.029 

.032 

.036 

.061 

.016 

.436 

.724 

.018 
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16c.  Hobbs  Flight  12  ladder  profile  (ref.  Fig.  5b).  Figure  16d.  Hobbs  Flight  12  ladder  profile  (ref.  Fig.  5c). 


POT  ENT 1  PL  (UV) 


CONDUCT  (  1  0-~-  1  S/M  )  EFLUX 


( V/H) 


CURRCNT  l  .  5X  1  0~-  )  2R/M2  )  .  CONDUCT  (  10- —  1  )  CURRCNT  (  1  a-'-  1  )  .  CONDUCT 


CURRENT (  1 0-- 1 2R/M2  )  . CONDUCT (  10 —  14  S^M  )  CURRENT (10 —  1 2R/M0 1  , CONDUCT 


0  1  1  ■ - 1 - 1 - 1 — _l _ I _ I - 1 - 1 - 1 - 1 _ I.  ,1..  — I 

1 700  1705  1710  17 

TIMC 

27  MAY  8  G  FLIGHT#!?  170000  TO  17)500  L  ST 

Figure  16t.  Hobbs  Flight  12  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 
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Date:  27  May  1986 


Takeoff:  1748  LT  from  Lea  County  Airport. 

Landed:  1919  at  Hobbs. 

Conditions:  High  cirrus  with  same  scattered  cumulus;  mostly  clear  over  the 
ground  station.  Winds  were  from  the  NE  at  about  4  m/s  and  visibility  was 
good.  Convection  was  not  as  strong  as  during  flight  12  (performed  earlier 
in  the  day). 

Instruments:  The  positive  conductivity  tube  appeared  to  be  slightly  noisy; 
all  other  instruments  worked  properly. 

Summary:  The  flight  consisted  of  a  coarse  ladder  profile  over  the  ground 
station  followed  by  a  slow  spiral  descent  over  the  same  area. 


115 


Table  10a.  Hobbs  Flight  13  averages  for  constant  altitude  runs 
over  the  ground  station. 


IttRAGES  rttJH  LEVLL  RUNS 


lime 

N 

Altitude 

81 jeldl 

(Wti 

km 

0/m 

i  m 

19 

.006 

74.30 

1733 

28 

.003 

74.09 

1735 

20 

.015 

76.75 

1759 

19 

.031 

72.99 

1900 

35 

.151 

65.15 

1903 

3) 

.330 

84.13 

1808 

34 

.540 

55.94 

1810 

32 

i.55a 

45.77 

1818 

45 

2.570 

35;.  72 

1813 

36 

2.737 

35.26 

18?1 

42 

3.352 
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1825 

41 

3.980 

17.37 
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36 

4.35(1 

12.24 

lime 

N 
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4el  Hun 
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m8 
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1750 

13 
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38.6 

1753 

28 
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38.1 

1/55 

20 
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37.5 
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19 
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38.4 

1890 

35 

373 

41.7 

1803 

30 

056 

44.1 

1806 

34 
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53.5 

1010 

3? 

731 

'0.3 

1818 

45 
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53.3 

1819 

38 
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54.:. 

1821 

42 

30.1 

1825 

41 
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I3.i| 

1923 

38 

4  70 

15.0 

8field2 

"LJt. 

07m 

ID'  -14 

10-14 

72.6X1 

2.^4 

2.65 

72.57 

2.(75 

2.83 

75.. 80 

2.72 

2.99 

71.43 

2.G7 

2.90 

64.36 

2.47 

2.71 

G3.68 

2.32 

2.47 

65.71 

2.24 

2.41 

45.84 

3.23 

3.41 

36.01 

4.30 

4.32 

35.51 

4.21 

4.32 

25.12 

5.61 

6.23 

18.27 

5.07 

8.55 

12.73 

12.it 

12.53 

CON 
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Cl 

k/cc 

ih2/v3 

C2/.n?/3 

0.0 

1.756-01 

1.718-01 

5.8 

1.248  01 

2.018*01 

3.4 

8.4(56-02 

3.358-02 

3.5 

2.568-02 

3.288-02 

3.1 

7.788-03 

2.738-03 

2.7 

4.708-03 

1.218-03 

2.8 

3.75c -03 

7.548-04 

1 .2 

1 .54t  03 

4.61E-03 

.7 

8.338  04 

2.198-03 

1.1 

3.308  05 

3.008-04 

1.5 

1.3/8-05 

3.308-04 

*  J 

1.558  04 

7.428-04 

2.0 

1.518  05 

7.808-04 

Ccr  Curl 

Coil  iur2 

Ihetu  v 

10* -12 

10-12 

i' ' 

4,!0 

4.01 

20.0 

4.11 

4.05 

;>u,’l 

4.29 

4.24 

20.2 

4.15 

4.06 

20.1 

3.38 

2.34 

19.7 

3.08 

3.05 

20.3 

3.04 

3.03 

20.9 

3.05 

3.06 

22.6 
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Table  10b.  Hobbs  Flight  13  (standard  deviations )/averages  far 
constant  altitude  runs  over  the  ground  station. 

STfttifH)  OEVIATIO&ttflN  VALUES 
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POTENTIAL  (kV)  POTENTIAL  (LV) 


27NAY86  PL1GHT#13  1B39<10  To  105900  LST 


-FIELD  (V/M) 


I 

I 

I 

I 


I 

I 

I 


TIME 


27  MPT  BS  FL I GHT # 1 3  175000  TO  180500  LST 


Figure  17j.  Hobbs  Flight  13  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 


27  MPV  BE  FL 1 GHT  # 1 3  180000  TO  161500  LST 


Figure  17k.  Hobbs  Flight  13  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 
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CURRENT  (  .  5X  1  0^-  1  2P/M2  )  ,  CONDUCT  (10^-1  4  S/M)  CURRENT  (.5X1  0 —  1  2R/M2  1  .  CONDUCT  (  1  0^-  MS/M) 


Date:  28  May  1986 


Takeoff:  0950  from  Hobbs. 

Landed:  1123  at  Hobbs. 

Conditions:  Clear  over  Hobbs  with  cumulus  clouds  on  the  horizon.  Winds  were 
variable  from  the  SE  to  SW  at  around  3  m/s.  A  layer  of  aerosols  was 
evident  at  4-6  km  altitude.  Convection  was  fairly  intense  for  a  mornirg 
flight. 

Instrumentation:  The  positive  conductivity  tube  was  noisy  during  all  the 
low  passes. 

Summary:  A  ladder  profile  was  made  on  the  ascent  over  the  airport  and  was 
followed  by  a  slaw  spiral  descent  into  the  same  area.  A  series  of  low 
passes  was  executed  over  the  ground  station  at  the  end  of  the  flight. 
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Table  11a.  Hobbs  Flight  14  averages  for  constant  altitude  runs 
over  the  ground  station.  Conduction  current 
densities  calculated  using  only  negative 
conductivity  are  included. 
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Table  lib,  Hobbs  Flight  14  (standard  deviations ) /averages  for 
constant  altitude  runs  over  the  ground  station. 
Conduction  current  densities  calculated  using  only 
negative  conductivity  are  included. 
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POTENURL 


obbs  Flight  14  spiral  dcwnsounding  (ref.  Fig.  5h).  Figure  18n.  Hobbs  Flight  14  spiral  downsounding  (ref.  Fig. 


-FIELD  C  V/M ) 


CURRENT (  . 5X 1 0~- 1 2R/M2 )  . CONDUCT  <  1 0 —  1 4  S/M)  CURRENT (  .5X10 - 1 2R/M2 )  . CONDUCT 


28  MRY  86  FLIGHT*}-*  110700  TO  112200  LST 

18s.  Hobbs  Flight  14  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 


Flight:  15 


Date:  28  May  19 J6 
Takeoff:  1428  LT  from  Hobbs. 

Landed:  1603  at  Hobbs. 

Conditions:  Altocumulus  covered  about  1/4  of  the  sky  N  of  Hobbs  and 
scattered  cumulus  with  3.9  km  bases  and  4.6  km  tops  were  present  over 
Hobbs.  Winds  were  variable  from  SE-SW  at  3-7  m/s;  several  dust  devils 
formed  over  the  burned  area  adjacent  to  runway  21.  Visibility  was  fair. 

Instruments:  The  positive  conductivity  tube  was  noisy. 

Summary:  The  flight  consisted  of  lew  passes  over  the  ground  station,  a 
ladder  profile  to  7  km,  a  slew  spiral  descent  over  the  Hobbs  airport  and 
more  passes  over  the  ground  station,  in  that  order.  A  bumpy  ride  indicated 
good  convection  both  near  the  ground  and  at  the  inversion. 
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Table  12a.  Hobbs  Flight  15  averages  far  constant  altitude  runs 
over  the  ground  station.  Conduction  current 
densities  calculated  using  only  negative 


are  included. 
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46.6 
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Table  12b.  Hobbs  Flight  15  (standard  deviations) /averages  for 
oonstant  altitude  runs  over  the  ground  station. 

Conduction  currant  densities  calculated  using  only 
negative  conductivity  are  included. 
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.09? 

.058 

.108 

.081 

.10? 

.2/5 

.238 

.095 

.245 

.194 

.282 

.19G 

1551 

.055 

.08/1 

.828 

.119 

.239 

.239 

1554 
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.52/ 
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EF1ELD  IV/m)  EF 1 ELD  (V/m) 

50  100  150  _  0  50  100  150 


CCN  (K/cm-3; 


EF 1 ELD  (V/m) 


CF 1  ELD  (V/m) 


CCN  ( K/cm-^3  J 


POTENTIAL  C  L V )  POTENTIAL  (LV) 


(>">n  “1SW  3A0BH  1HDI3M 


Hobbs  Flight  15  spiral  downsounding  (ref.  Fig.  5b).  Figure  19m.  Hobbs  Flight  15  spiral  dcwnsounding  (ref.  Fig.  5h) 


CURRENT (.5X1 0~- 1 2R/M2 )  , CONDUCT  C  1 0~- 1 4S/M)  CURRENT (.5X1 0~- l 2R/M2 )  . CONDUCT 


I  I . I 


28  MRY  8G  FL 1 GHT  +15  151500  TO  153000  LST 


Figure  19p.  Hobbs  Flight  15  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 


1500  1 

505  1510 

TIME 

28  MR  V 

8  S  FL1GHT*I5  150000  TO  151500  LST 

Figure  19q.  Hobbs  Flight  15  1 

:ime  series  of  electrical  parameters 

(ref.  Fig.  5i). 

CURRENT  (.5X1  0~-  1  2R/M2  )  ,  CONDUCT  (  1  0~-  1  4  S/Ml  CURRENT  (.5X1  B~-  1  2R/M2  1  ,  CONDUCT 


-FIELD  (WM) 


TIME 

2 8  MRY  86  FL I GHT # 1 5  153000  TO  151000  L ST 


Figure  I9r.  Hobbs  Flight  15  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 
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CURRENT (.5X1 0~- 1 2B/M2 ) , CONDUCT ( 1 0^- 1 1S/M ) 


Pate:  29  May  1986 


Takeoff :  0519  LT  from  Hobbs. 

Landed:  0655  at  Hobbs. 

Conditions:  Low  overcast  with  higher  stratocumulus  clouds  Cloud  base  just 
after  takeoff  was  <  300  m  and  gradually  lifted  during  the  time  of  the 
flight.  Winds  were  from  the  NE  at  about  2  m/s  and  remained  fairly  steady. 
Sunrise  was  approximately  0548  LT. 

Instruments:  All  worked  properly. 

Summary:  The  purpose  of  the  flight  was  to  examine  the  PBL  structure  prior 
to  the  onset  of  convective  mixing  to  examine  the  effect  of  surface 
radioactivity  on  the  electrical  parameters.  Five  ladder  profiles  and  2 
spiral  soundings  were  performed,  mostly  within  the  FBL,  to  examine  the 
altitude  and  temporal  variation  of  electric  field  and  conductivity. 
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Table  13a.  Hobbs  Flight  16  averages  for  constant  altitude  runs 
over  the  ground  station. 
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Table  13b.  Hobbs  Flight  16  (standard  deviations) /averages  for 
constant  altitude  runs  over  the  ground  station. 
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EF 1 ELD  iV/m)  EF  3  ELD  (V/m) 

SB  100  150  „  0  50 


5PCC.  HUM.  (g/kg ) 


SPCC.  HUM.  (g/kgj 


00 


CCN  ( K/cm'3 ) 


THCtP  (DCG.  C) 

HOBBS  (MB  0541  TO  0554 


23MRYB6  FL1GH7IH6  0840  70  0851  L5T  SVS2 


CN  (It/cc)  CN  (k/cc  ) 


rTiTTinf — r  rrrrmi — mrmir 


i.rtj.  Hobbs  Flight  16  time  series  of  electrical  parameters 


29  MRY  8S  F"L 3  GHT #  1 6  0G2000  TO  053500  L5T 

Figure  20ac.  Hobbs  Flight  16  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 


29  MRY  86  FLIGHT#16  053500  TO  055000  LST 

Figure  ?.Oad.  Hobbs  Flight  16  time  series  of  electrical  parameters 
(ref.  Fig.  5i). 
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CURRENT  (  .  5X  1  0~-  1  2FVM2  )  .  CONDUCT  (  1  0~-  MS/M)  CURRENT  (  .  5X  1  0~-  1  2R/M2  )  ,  CONDUCT  (10-'-  MS/N) 


! 


Flight:  1 

Date:  5  March  1987 

Takeoff:  1244  (LT)  from  Nassau 

Landed:  1518  at  Rock  Sound,  Eleuthera  (RSD) 

Conditions:  Overcast  with  1200  m  ceiling.  Variable  winds  mainly  from  the  NE 
to  10-12  m/s.  Lots  of  whitecaps  with  2-3  m  swells. 

Instruments:  The  negative  conductivity  tube,  Lyman-alpha  hygrometer  and  the 
aerosol  counter  did  not  work  properly. 


Summary:  Mainly  a  shakedown  flight  to  test  instrumental  operation  and 
calibration.  Ladder  and  spiral  profiles  were  obtained  enroute  to  RSD  and 
upwind  (NE)  of  Eleuthera  over  the  deep  ocean.  Plume  structure  was  noted  in 
the  electric  field  records. 
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Table  14a.  RSD  Flight  1  averages  far  oonstant  altitude  runs 
between  Nassau  and  RSD. 
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14 

.091 

32.40 

1.41 

3.80 

3.54 

22.8  61.0 

2.02 

1405 

SG 

.005 

1b/. 93 

.no 

1.24 

3.74 

23.0  63.5 

2.04 

14iu 

ss 

.015 

175.5b 

.99 

1.10 

3.X. 

22.6  63.0 

2.04 

1413 

30 

.031 

156.44 

.34 

.82 

2.7? 

22.4  65.3 

2.04 

1415 

52 

.081 

155.44 

.83 

1.1! 

2.8? 

22.2  63.7 

2.03 

1413 

51 

.151 

123.93 

.37 

1.05 

2.35 

21.6  62.2 

2.01 

1422 

54 

.310 

111.38 

.90 

1.04 

2.15 

21.3  67.7 

1.36 

1426 

31 

.910 

35.00 

.95 

2.91 

3.01 

21.9  32.8 

1.89 

1430 

31 

.815 

78.84 

.S3 

0.00 

2.15 

22.0  94.9 

1.82 

1433 

40 

1.220 

41 .31 

1.92 

5.33 

2.30 

22.9  60.2 

1.73 

143? 

41 

1.520 

42.40 

1.02 

1.65. 

1.58 

».0  34.6 

1.67 

lint; 

N 

Altitude 

EPS 

CI2 

0 

Cq2 

Press 

I  rose 

l.IR 

I  deu 

fHH 

<ni 

*2/s3 

C2/(,£/3 

o/kg  (g/kg)2ir2/3 

nti 

C 

r. 

\j 

"  c 

124/ 

197 

.760 

1.002-03 

7.862  04 

9.0 

4.276-03 

926.3 

14.2 

24.3 

11.3 

13(13 

41 

.006 

3.642-02 

2.40E-02 

10.1 

8.64E-02 

1011.1 

20.7 

24.5 

14.4 

1306 

62 

.015 

1.422-02 

1.702-02 

3.7 

3.452-02 

1009.8 

20.5 

24.4 

13.7 

1309 

31 

.031 

7.23E-03 

1.046-02 

3.3 

1.856-02 

1008.3 

20.2 

24.3 

13.1 

1311 

36 

.061 

3.652-03 

3.252-03 

5.4 

1.182-02 

1004.6 

19.5 

23.6 

13.2 

1316’ 

40 

.15! 

2.276-03 

2.15C-03 

3.3 

7.072-03 

995.5 

IS.! 

23.6 

12.9 

1320 

50 

.305 

1 .322-03 

8.552-04 

5.2 

4,502-03 

976.6 

17.6 

23.6 

12.4 

1322 

60 

.610 

1.416-05 

1 .226-03 

5.3 

5.026-03 

940.1 

14.6 

24.6 

11.3 

1323 

38 

.910 

1.462-05 

5.712-03 

7.8 

2.442-02 

906.8 

11.8 

24.8 

t!  1 

J«/ 

‘2i25i 

76 

1.290 

1.2ft -05 

1 .016-03 

5.2 

2.226-03 

567. 2 

3.8 

22.3 

1340 

61 

1.530 

5.552-04 

3.442-04 

6.5 

1.816-03 

838.2 

9.0 

21.5 

5.0 

1350 

20 

.008 

8.366-04 

3.626-02 

3.7 

1.106-01 

1010.0 

20.8 

25,6 

13.7 

1352 

14 

.091 

9.612-05 

5.102-115 

3.9 

2.712-02 

1001.2 

20.1 

25.5 

12.3 

1405 

66 

.006 

9.40K-04 

3.XE-02 

5.7 

5.826-02 

1009.7 

6H.9 

24.7 

13.6 

1410 

56 

.015 

3.182-05 

1.89:  02 

2.4 

3.572-02 

1008.4 

20.5 

24,o 

13.2 

1413 

30 

.031 

7 , 766-03 

1.316-02’ 

,  j 

3.746-02 

1006.5 

20.1 

24.6 

’2.4 

1415 

52 

.061 

1.316-02 

6. 012-05 

5.1 

2.022-02 

1003.0 

15.7 

24.3 

12 

1419 

51 

.151 

5. 2ft- 03 

2.2ft-  03 

8.3 

5.666-03 

994.7 

12.3 

23.9 

11.1 

1422 

54 

.310 

1. 0*1-02 

1.407-02 

8.4 

3.872-03 

974.5 

17.1 

24.3 

11.0 

.426 

31 

.210 

1 .877.-02 

2.366-03 

3.466.-03 

939.6 

14.0 

24.? 

11.1 

1430 

31 

.915 

2.41'-:  -05 

5.112-03 

':./ 

5.752  03 

908.8 

11.3 

84.  J 

10.9 

1430 

40 

1.220 

8  At  -  U4 

1. Bit -03 

L,  1 

.  i  t 

5.506-03 

9/1.1 

9.4 

23.:. 

" 

1437 

41 

1  .'520 

1 .04:  -04 

2.15: -04 

7.3 

1 .023-03 

841.9 

3.3 

21.9 

M 
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Table  14b.  RSD  Flight  1  (standard  deviations) /averages  for 
constant  altitude  runs  between  Nassau  and  RSD. 


STAKlflRD  0EVIAU»6/f£flN  UflLltS 


line 

E.Field 

-LMl 

Con  Curr 

1247 

.033 

.071 

.297 

.305 

13(0 

.138 

.073 

.123 

.158 

1305 

.133 

.091 

.125 

.167 

1309 

.155 

.062 

.'074 

.165 

1311 

.032 

.057 

.115 

.101 

1318 

.066 

.037 

.072 

.093 

1320 

.034 

.071 

.131 

.113 

1322 

.122 

.112 

.122 

.181 

1323 

.053 

.201 

.493 

.288 

1X5 

.130 

.034 

.612 

.298 

1340 

.215 

.182 

.417 

.288 

1390 

.170 

.039 

.417 

.456 

1352 

.133 

.034 

.184 

.215 

1405 

.162 

.080 

.306 

.231 

1410 

.144 

.088 

.408 

.2  72 

1413 

.113 

.071 

.247 

.106 

141S 

.105 

.085 

.133 

.109 

1419 

.072 

.045 

.066 

.071 

1422 

.047 

.095 

.101 

.063 

1426 

.061 

.054 

.143 

.299 

1430 

.472 

.107 

0.000 

1 .505 

1433 

.113 

.061 

.841 

.689 

143/ 

.0/8 

.041 

.752 

.379 

CCN 

EPS 

C12 

Q 

(42 

.004 

.445 

.5S3 

.032 

2.306 

.000 

.280  . 

.261 

.055 

1.473 

.000 

.238 

.287 

.052 

2.373 

.001 

.371 

.3(t9 

.043 

1.406 

.001 

.331 

.552 

.043 

1.583 

.001 

.511 

.759 

.031 

1.083 

.002 

.553 

.506 

.033 

.'383 

.002 

.465 

.702 

.048 

.961 

.002 

.509 

.855 

.133 

3.075 

.002 

1.662 

1.403 

.024 

.383 

.005 

.950 

1 .270 

.021 

.453 

.000 

.176 

.17? 

.063 

1.533 

.002 

.838 

.736 

.054 

2.588 

.000 

.263 

.131 

.055 

i.769 

.000 

.383 

.267 

.070 

2.678 

.001 

.191 

.274 

.050 

2.263 

.001 

.145 

.363 

.043 

3.543 

.001 

.860 

.610 

.038 

2.301 

.001 

.337 

.505 

.040 

1.023 

.002 

.341 

.560 

.031 

1.668 

.002 

.433 

.558 

.043 

3.i)S1 

.002 

1.856 

1.086 

.134 

2.76b 

.002 

.455 

1.601 

.024 

.450 
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RSD  Flight  1  ladder  profile  over  shallow  water 
between  Nassau  and  RSD.  (ref.  Fig.  5b). 


Flight:  2 

Date  :  8  March  1987 
Takeoff:  1241  (LT)  from  RSD 

Landed:  1624  at  RSD 

Conditions:  Clear  skies;  light  winds  (3  m/s)  front  the  west  with  a  layer  of 
haze  evident  below  the  trade  inversion.  Ocean  surface  calm  with  very  few 
whitecaps.  Scattered  cumulus  clouds  fanned  to  the  E  of  RSD  during  the  last 
hour  of  flight. 

Instruments:  All  worked  properly. 

Summary:  Two  separate  sets  of  ladder  and  spiral  profiles  were  obtained;  the 
first  were  over  shallow  water  about  50  km  SW  of  Rock  Sound  and  the  second 
over  deep  water  50-100  km  E.  Aerosol  counts  were  higher  and  somewhat 
variable  E  of  RSD  denoting  a  changing  air  mass.  Convection  appeared  to  be 
organized  as  evidenced  by  periodic  variations  in  the  electric  field  records 
when  flying  within  50  m  of  the  surface. 
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Table  15a.  RSD  Flight  2  averages  for  constant  altitude  runs 
performed  SW  of  RSD  over  shallow  water. 


WEDGES  FROM  L6JEL  RUNlj 


Tine 

N 

Altitude 

£_field 

*Laa 

"Ldfll 

Can  Curr 

lheta  v 

Re)  rum 

CNN 

J  ||| 

1  ■  1 B  f 

iris 

0/« 

10' -10 

10" -10 

10-12 

ij 

7. 

27  cc 

1303 

ft 

.006 

130.58 

*1.05 

1.01 

3.70 

26.8 

71.1 

1.0.3 

130/ 

30 

.015 

130.81 

1.36 

1.02 

3.3: 

26. G 

72.0 

I.Ofi 

1311 

06 

.035 

126.62 

i  .30 

1.3? 

3.00 

27.0 

72.0 

1.60 

1313 

08 

.082 

10S.35 

1.06 

1.5/ 

3.13 

26.8 

70./ 

1.03 

1315 

33 

.108 

91.11 

1.65 

1.66 

2.20 

26.'/ 

70.2 

1.36 

131/ 

33 

.313 

/0.30 

1.73 

1./8 

2.53 

26.7 

/0.G 

1.16 

1322 

35 

.008 

68.68 

1.8/ 

1.20 

2.50 

26.6 

71.8 

1.07 

1325 

01 

.818 

52.58 

2.00 

2.03 

2.03 

26.? 

70.9 

.50 

1329 

00 

.21/ 

/0./2 

1.60 

1.88 

2.38 

28.9 

78.6 

.60 

m) 

52 

1.223 

56.36 

2.00 

2.00 

2.28 

30.2 

81.7 

.55 

1338 

62 

1.336 

32.10 

3.68 

3.02 

r\  TG 

L  »C-» 

32.2 

77.6 

.3? 

130/ 

50 

2.102 

30.58 

3.86 

3.50 

2.51 

33.0 

20.8 

.61 

1353 

f>r\ 

u 

2. /ft 

25.56 

0,56 

0.50 

2.00 

X.6 

41.0 

.61 

1000 

ol 

3.33/ 

18.88 

C  11 
»  a. 

c.'h 

2.3/ 

38.8 

18.1 

.40 

1000 

68 

0.138 

13.79 

7.L3 

3.42 

?.?1 

02.6 

17.6 

.5! 

1020 

03 

0.000 

136.28 

1.0! 

2.02 

0.55 

•25.5 

70./ 

1.1/ 

1026 

20 

.015 

130.66 

1.01 

1.71 

3.86 

26.3 

75.6 

1.20 

1028 

83 

.0-31 

118.18 

1.20 

1.28 

2.85 

'25.5 

78.2 

1.30 

Tine 

N 

Altitude 

coo 
>_  0 

CT? 

0 

C«2 

Press 

Irose 

1.1R 

l_cew 

tie 

ni27j3 

C2/®2/3 

q/kij  (q7kQ>2if-2/3 

mB 

C 

L 

(. 

1303 

76 

.006 

1.606-03 

1.306-02 

13.0 

1.866-0? 

1005.0 

20.3 

cj ,  c 

18.7 

130/ 

30 

.015 

7.216-00 

6.555-03 

13.5 

1.215-02 

1003.8 

20.1 

25.0 

18./ 

1311 

06 

.035 

5.006-00 

3.336-03 

13.5 

5.536-03 

1002.1 

20.1 

26.0 

18.8 

1312 

09 

.052 

0.306-00 

1 .835-0-3 

13.0 

8.055-03 

888.0 

23.8 

25.0 

13.0 

1315 

32. 

.106 

O.bOt-OO 

i .sat-03 

13.0 

8.336-03 

869.1 

22.8 

Cl 

16.0 

131/ 

33 

.313 

5.7i»00 

1.615-02 

11.3 

1 .685-0-2 

9/0.5 

21.5 

25.0 

15.8 

1322 

35 

.009 

9.056-00 

3.30L-02 

11.0 

1.386-02 

856.3 

20.1 

75.0 

10.8 

r~> 

01 

.618 

1.786-00 

5.285-03 

10.2 

3.255-02 

936.8 

18.8 

20.9 

13.0 

1229 

00 

.81/ 

6.086-05 

2.155-00 

11.2 

d. 6/5-03 

800.5 

17. G 

20.  t) 

10.3 

1333 

52 

1.229 

2.016-05 

1.705-05 

10./ 

£.735-03 

872.0 

15.1 

20.  b 

13.D 

1338 

ci 

1 .535 

3.675-05. 

1 .525-00 

6,566.-03 

601.0 

15.2 

20.5 

11.3 

130/ 

d0 

2.10? 

9.811-1)6 

1 .335-05 

■"  j 

•i.t 

2.395  02 

782.0 

11.3 

20.2 

•7.9 

1353 

22 

2.775 

7.1  IE-06 

0.005*00 

2.305-02 

720.2 

8.2 

20.  o 

•0.8 

1000 

SI 

3.23/ 

0.88->00 

0.255-03 

},; 

0.175-02 

5/0.9 

0.3 

20.3 

-18.5 

1000 

88 

0.136 

6.536-05 

6.365 -05 

l; 

0.006*00 

811.0 

.7 

20.1 

■74.5 

io?o 

03 

0.000 

1.725-03 

2.&15-D2 

1 2M 

5.323-02 

1007.1 

20.1 

25.8 

19.3 

10ft 

70 

.015 

8. 'ml-  00 

7.8/903 

l  J .  c' 

7.  OK- 02 

1005.6 

23.8 

-,L, 

i. »  w 

15.2 

1023 

38 

.OJi 

2.  ■■05-00 

2.  on: -09 

i  <i.O 

1 .823-02 

1003.2 

2.3./ 

20.7 

12.3 
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Table  15b.  RSD  Flight  2  (standard  deviations )/averages  for 
constant  altitude  runs  performed  SW  of  RSD  over 
shallow  water. 

STftCfiflD  0EUIA7 lONS/HElYI  VfiLUES 


Tiie 

EJield 

+L<mi 

-Laa 

Con  Curr 

CCN 

EPS 

Cl  2 

l) 

Co2 

1303 

.192 

.113 

.141 

.166 

.065 

.353  - 

.408 

.035 

1.015 

1307 

.162 

.024 

.050 

.155 

.051 

,257 

.35X1 

.025 

.398 

1311 

.188 

.029 

.044 

.177 

.062 

.359 

.284 

.029 

.371 

1312 

.098 

.050 

.053 

.078 

.065 

.353 

.468 

.028 

.481 

1315 

.056 

.037 

.047 

.063 

.130 

.21? 

.393 

.029 

.629 

1317 

.069 

.091 

.089 

,08? 

.06? 

.263 

.259 

.0510 

1.074 

1322 

.210 

.120 

.131 

.168 

.076 

.714 

.893 

.116 

1.36!) 

1325 

.106 

.097 

.080 

.045. 

,332 

.936, 

.631 

.06! 

1.073 

1329 

.041 

.018 

.012 

.046 

.075 

.S35 

2.114 

.022 

.325 

1333 

.126 

.069 

,064 

.120 

.080 

.703 

4.518 

.025 

.351 

1338 

.050 

.038 

.055 

.038 

.118 

.763 

1.804 

.025 

.484 

1347 

.030 

jfO 

.012 

.065 

.400 

.329 

7.896 

.096 

.235 

1353 

.023 

.032 

.040 

.045 

.050 

.134 

0.000 

.220 

.409 

1400 

.019 

.022 

.030 

.020 

.069 

.628 

.932 

.306 

2.163 

1404 

.020 

,0u4 

.005 

.026 

.225 

.249 

.581 

.021 

0.000 

1424 

.204 

.025 

.082 

.219 

.05? 

.225 

.245 

.018 

.561 

1426 

.163 

.043 

.335 

.3)1 

.042 

.310 

.459 

.016 

.484 

1428 

.146 

.032' 

.144 

.156 

.053 

.324 

.339 

.019 

.32-2 
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Table  15c.  RSD  Flight  2  averages  for  constant  altitude  runs 
performed  E  of  RSD  over  deep  water. 


wswjis  raw  itta.  m: 


(lap 

N 

Altitude 

LJ  leld 

■iLdflt 

•Ldffl 

Cun  Curr 

Iheta  u 

Rel  Hum 

CM) 

wn 

km 

0/ir 

10'-14 

10-14 

or -i2 

C  7 

1 

lf/cc 

1455 

y> 

JC 

.003 

133.42' 

1.37 

1.58 

3.33 

22.1 

66.6 

.41 

1453 

25 

.OQG 

140.00 

1.24 

1 .50 

3.83 

25./ 

83.2 

,G1 

1455 

31 

.015 

146.2/ 

1 .23 

1.46 

V  o*i 

JO 

26.6 

67.9 

.?? 

ISM 

33 

.005 

1//.41 

.37 

1.12 

3./H 

25.2 

70.5 

2.07 

1512 

38 

.015 

1/8. 78 

1.04 

1.20 

3.54 

26.1 

70.6 

1 .66 

1513 

38 

.031 

153.58 

.35 

1.2/ 

3.5/ 

2S.0 

78.5 

1.7/ 

1518 

26 

.006 

266.60 

.59 

.54 

3.  Go 

2G.2 

79.  C 

5.56 

1520 

3G 

.015 

223.33 

.50 

.84 

3.10 

25.1 

81.1 

G./5 

1523 

33 

.031 

226,75 

.50 

.66, 

3.03 

26.0 

82.2 

7.12 

1525 

3/ 

.0/1 

2/3.30 

.54 

.55 

4.61 

26.0 

84.1 

j./l: 

1527 

31 

52 

.170 

154.03 

.85 

1.23 

3.14 

26.0 

0/.9 

3.14 

152: 

.330 

144.33 

.75 

1 .04 

2.53 

26.1 

90.5 

3.14 

1525 

27 

34 

.630 

6220 

1.57 

1.5/ 

2.06 

26.3 

59.6 

1.00 

153/ 

213: 

51 .35 

1.33 

2.5: 

2.05 

27.1 

43.3 

1.35 

1540 

25 

1.273 

35.31 

3.15 

3.13 

2.4/ 

3.1 

12.1 

2.50 

1544 

2/ 

38 

1.0/5 

33.33 

3.32 

3./S 

2.31 

30.8 

15.0 

.4; 

1347 

2.434 

26,.  78 

4.74 

4. 6.9 

7.45 

34.0 

13.2 

,22 

1550 

42 

U.lTdtj 

24.45 

5.41 

4.33 

2..11 

36.5 

55.5 

.22 

1554 

36 

3.663 

16.90 

7.3? 

7.31 

2.51 

39.  B 

11.7 

.26, 

155/ 

2S 

4.152 

14.73 

8.67 

3.33 

2.S5 

41.5 

14.0 

.14 

1514 

31 

.016 

1S5.12 

1.47 

1.39 

3.42 

66 1.7 

58,4 

i.ee 

ISIS 

34 

.031 

108.31 

1.57 

1.5/ 

3.42 

26.2 

63.7 

1.3G 

T  line 

N 

Oltiluce 

tPS 

Cl  2 

0 

Cu: 

i-'refes. 

Irrce 

1. 1ft 

1  dew 

HH*! 

k,r 

«i2/  s': 

C2/m2/3 

u/kg  (qAg)2,ri-<:; 

3 

'  c 

1456 

32 

.U03 

2. 1  It- i.G 

1 .99E-02 

12.7 

2.412- 02 

1005.6 

24.7 
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Table  15d.  RSD  Flight  2  (standard  deviations) /averages  for 

constant  altitude  runs  performed  E  of  RSD  over  deep 
water. 
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C  6>i/6  ) 


THETP 


Date:  9  March  1987 


Takeoff :  1030  (LT)  frcm  RSD 

Landed:  1312  at  RSD 

Conditions:  Clear  skies  with  SW  winds  at  1-3  m/s.  No  whitecaps  and  very 
little  turbulence  down  lew. 

Instruments:  All  worked  properly. 

Summary:  Ladder  and  spiral  profiles  were  obtained  50-100  km  E  of  RSD  over 
deep  ocean.  Additional  constant  altitude  passes  and  a  spiral  descent  from 
2  km  were  performed  on  the  return  flight  to  RSD. 
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Table  16a.  RSD  Flight  3  averages  for  constant  altitude  runs 
performed  E  of  RSD  over  deep  water. 


AUEIBuES  iW  le^tL  3JNS 
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66.9 

1.35 

1132 

39 

.276 

34.63 

1.17 
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1.51 

2.41 

24.5 
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6.376-04 

871.1 

14.2 

24.3 
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0. 006+00 

751.3 

8.3 

23.B 
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Table  16b.  RSD  Flight  3  (standard  deviations) /averages  for 

constant  altitude  runs  performed  E  of  RSD  ever  deep 
water. 

sirMWKU  oevwiitie/ttflN  vjplues 
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.12b 

.041 

.123 

.140 
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.026 
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.029 

.101 

.268 

.163 

.039 

.734 

1213 

.042 

.051 

.041 

.0'33 

.18? 

.890 
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Table  16c.  RSD  Flight  3  averages  and  standard  deviations  fear 
constant  altitude  runs  performed  just  E  of  RSD  on 
returning  from  the  experiment  area. 
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1.37 

2.45 

24.5 
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Figure  23o.  Meteorological  sounding  from  Nassau,  Bahamas,  taken  on  the  day  of 
Flight  3  (9  March  1987). 
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Flight:  4 


Date:  10  March  87 

Takeoff:  1040  (LT)  firm  RSD 

Landed:  1400  at  RSD 

Conditions:  Clouds  streets  (2/10  cover)  with  bases  at  1.2  km  were  evident; 
winds  were  NNW  at  10  m/s.  Lots  of  whitecaps  with  ocean  swells  of  1-2  m. 

Instruments:  Both  polar  conductivity  tubes  were  noisy  and  the  Cq2  RMS  unit 
was  malfunctioning.  Were  unable  to  obtain  simultaneous  Cq2  and  Cj,2  data. 

Summary:  Performed  ladder  and  spiral  profiles  50-120  km  NE  of  RSD.  Got 
both  Cq2  and  Cj2  data  in  constant  altitude  runs  by  switching  signals  to  a 
single  RMS  unit.  Only  Cj.2  was  measured  during  spiral  descent  from  4.1  km. 
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Table  17a.  RSD  Flight  4  averages  far  constant  altitude  runs 
performed  NE  of  RSD  over  deep  water. 
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Table  17b.  RSD  Flight  4  (standard  deviations) /averages  for 

constant  altitude  runs  performed  NE  of  RSD  over  deep 
water. 
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Date:  11  March  1987 


Takeoff:  1120  (LT)  from  RSD 

Landed:  1343  at  RSD 

Conditions:  Scattered  low  cumulus  clouds  (1-2/10  cover)  with  bases  near  1.0 
km  and  tops  at  2.0  km.  Surface  winds  were  variable  but  moslty  from  the  N 
at  5-10  m/s.  Lots  of  whitecaps  and  big  swells. 

Instruments:  All  worked  properly. 

Summary:  Ladder  and  spiral  profiles  were  performed  40-100  km  NE  of  RSD. 
Several  closely  spaced  (in  altitude)  crosswind  constant  altitude  passes 
were  made  to  examine  the  plume  structure  evident  in  the  electric  field 
records.  These  were  compared  with  up  and  downwind  passes.  A  spiral 
descent  was  made  from  7.6  km  to  measure  ionospheric  potential;  all  other 
soundings  during  the  deployment  were  from  4.1  km. 
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Table  18a.  RSD  Flight  5  averages  for  constant  altitude  runs 
performed  NE  of  RSD  over  deep  water. 
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Table  18b.  RSD  Flight  5  (standard  deviations) /averages  for 

constant  altitude  runs  performed  NE  of  RSD  over  deep 
water. 
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Table  18c.  RSD  Flight  5  averages  and  standard  deviations  for 
constant  altitude  runs  performed  E  of  RSD  following 
downsounding. 
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7.47; -05 

4.141-02 

8.4 

1 .028-01 

1013.5 

19.9 

21.3 

11.7 

1323 

61 

.015 

2.32L-03 

1 .268-02 

8.4 

1.1  Hull 

1012.0 

19.6 

25.4 

11.5 

1327 

37 

.059 

8.82; -04 

4.191-03 

8.0 

1.705-02 

1011.7 

19.4 

25.3 

10.3 

133(i 

37 

.110 

6.52E-04 

2.308  03 

8.1 

1.108-02 

1004.9 

18.7 

25.2 

10.9 

1333 

42 

.212 

5. 425-04 

1.331-03 

7.9 

9. 358-03 

993.8 

17.9 

25.1 

10.2 

1336 

jfl 

.314 

4.108-04 

1.038-03 

7.3 

9.408-03 

982.1 

17.2 

25.1 

10,? 

1339 

59 

.3/7 

8.48-1-04 

1.326-03 

8.2 

1.148-02 

974.9 

17.1 

19.4 

10.7 

si  amd  itmm/m  v&i£s 


iite 

rj’ielo 

Uani 

-’.am 

Can  Curr 

CCN 

EPS 

CT2 

5 

Co? 

1318 

1323 

o.’owi 

.415 

.474 

.201 

.236 

.362 

0.000 

.056 

.041 

.286 

.352 

.231 

.361 

.053 

.064 

.508 

7./B5 

Ik!/ 

lyvi 

.122 

.2.30 

.123 

.253 

.050 

,434 

.448 

.035 

.534 

1330 

.1.13 

.121 

.031 

.165 

.(64 

.443 

.523 

.032 

.515 

1333 

•  ''■x’V 

.095 

.  1  JO 

.030 

.143 

.1165 

.513 

.928 

.040 

033 

.540 

!  job 

.110 

'  !  !'• 

•  i  i  j 

.(63 

.107 

.061 

aoo 

.754 

=Ot 

1335 

.127 

.171 

.031 

.148 

.'36'; 

!a5 

.591 

.043 

•  -J-  1 

.316 
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POTENTIAL  (LV) 


THETR 


Date:  12  March  1987 


Takeoff:  1156  (LT)  from  RSD 
Landed:  1400  at  RSD 

Conditions:  High  overcast  and  low  scattered  cumulus  with  bases  near  1.2  km; 
light  precipitation  at  times  during  flight.  Winds  were  from  WNW  at  2  to  4 
m/s  with  no  whitecaps  and  lm  swells. 

Instruments:  All  worked  properly. 

Summary:  Soundings  were  obtained  40-80  km  E  of  RSD;  were  unable  to  ascend 
above  1.8  km  because  of  clouds.  Ended  spiral  sounding  20  km  NE  of  Cat 
Island. 
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Table  19a.  RSD  Flight  6  averages  far  constant  altitude  runs 
performed  E  of  RSD  over  deep  water. 


AVERAGES  FUJI  LEVEL  i  m 

line  N  Altitude  L. field 

'Lao 

-Lao 

Cuti  Curr 

llcta  w 

'tel  Hum 

Of 

Em 

V/ in 

10’ -14 

10* -14 

W  -12 

C" 

l 

E7cc 

1202 

Jr. 

.003 

130.24 

1.47 

1.63 

3.B4 

22.1 

68.8 

1.24 

12i 15 

3) 

.005 

120.40 

1  .SO 

1.0) 

3.84 

22.0 

70.2 

.94 

1208 

50 

.00L 

132.24 

1.66 

1.66 

4.21 

22.2 

B7.7 

60.5 

.97 

12H 

GO 

.015 

113.57 

1.57 

1.53 

3.54 

22.1 

.71 

1214 

42 

.031 

106.37 

1.55 

1.71 

3.46 

22.0 

64.4 

.84 

121/ 

53 

.061 

88.02 

1.SS 

1.81 

3.05 

22.0 

83.8 

.33 

1220 

62 

.10? 

74.23 

1.71 

1.68 

2.70 

22.0 

67.6 

1.03 

1224 

38 

.140 

/1 .81 

1.73 

1.31 

2.G1 

22.3 

66.8 

1.02 

122? 

34 

.170 

73.66 

1.68 

1 .84 

2.53 

22.0 

70.9 

.95 

1230 

40 

.234 

70.01 

1.55 

1.82 

2.45 

22.1 

74.5 

.30 

1233 

34 

.338 

76.27 

1.57 

1,72 

2.50 

27.1 

75.2 

.82 

1233 

3? 

.488 

SB.  13 

1 .53 

1.80 

2.3  7 

22.1 

012.1 

.73 

1240 

38 

.662 

62.77 

1.68 

1.75 

2.16 

') 

L.L.  •(. 

68.0 

.81 

1244 

48 

.370 

47.81 

2.48 

2.61 

2.3? 

23.2 

GO. 8 

.55 

124? 

34 

22 

1.28? 

44.02 

2.71 

2.05 

2.44 

24.5 

61 .8 

.43 

1250 

1 .504 

33.83 

2.S2 

3.05 

2.35 

25.7 

53.7 

.41 

line 

N 

Altitude 

EPS 

Cl  2 

0 

W 

Press 

Irose 

1  1R 

1  dew 

ffWH 

Em 

oi2/s3 

C2/m2/3 

g/Ea  <g/icq)2r~2/3 

iri) 

C 

‘C 

"  C 

1202 

52 

.003 

1 .83E-03 

1.91E-02 

10.1 

S.08E-02 

1017.6 

20.1 

24,4 

14.5 

1205 

SO 

.008 

1 .438-03 

1.378-02 

10.0 

3.548-02 

1017.0 

20.0 

24.2 

14.4 

1208 

50 

.006 

9.BSE-M 

8.956-03 

9.8 

2.67E-02 

1016.5 

20.2 

24.1 

14.0 

1211 

60 

.015 

5. 688-04 

3.54E-03 

8.3 

2 .008-02 

1015.4 

20.2 

24.1 

12.2 

1214 

49 

.031 

3.756-04 

J.63E-03 

9.2 

1.148-02 

1013.6 

19.S 

24.1 

12.9 

1217 

53 

.081 

4.S9E-04 

1 .248-03 

3.7 

9.708  03 

1010.4 

19.4 

24.4 

13.8 

1220 

62 

.107 

4.26E-04 

1 .03E-03 

9.4 

9.1(8-03 

1007.2 

19.3 

24.4 

13.1 

1224 

38 

.140 

4.758-02 

5. 488-04 

9.3 

8.805-03 

1003.4 

12.3 

24. S 

13.0 

1227 

34 

.170 

4. 666-04 

6.87E-04 

2.5 

8.54E-03 

cioo  o 

•  -J 

18.6 

24.5 

13.2 

1233 

40 

.234 

4.008-1)4 

2.746-04 

9.7 

8.215-03 

992.5 

18.1 

24.5 

13.5 

1233 

34 

.332 

2.37E-M 

3.41E-04 

9.4 

7.8BE-03 

560.6 

17.2 

24,3 

12.7 

1236 

37 

.498 

2. 31 E -04 

4.1)88-04 

9.5 

8.448-03 

953.7 

15.7 

24,3 

12.8 

1240 

38 

.662 

1 .256-04 

1 .53E-03 

9.3 

1.528-02 

944.3 

14.1 

24.3 

12.1 

1244 

48 

.970 

3.018-05 

2.248-03 

5.1 

5.445-03 

910.7 

12.7 

24.2 

5.2 

124? 

34 

1.26? 

1 .246-05 

1 .938-05 

4.9 

2.878-03 

27?.? 

11.1 

24.1 

1.6 

1250 

23 

1.804 

3.586-05 

3.336-04 

4.5 

5.725-05 

844,7 

5.2 

24.0 

»> 

*  w 
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Table  19b.  PSD  Flight  6  (standard  deviations ) /averages  for 

constant  altitude  runs  performed  E  of  RSD  over  deep 
water.  ^ 


SlftOffiO  OEVMlia&KAN  VALUES 


TiK- 

EJ'ield 

~Ld* 

Con  Curr 

CCN 

EPS 

•  CT2 

Q 

1202 

.183 

.094 

.086 

.187 

.304 

.401 

.271 

.026 

.443 

1205 

.211 

.034 

.077 

.184 

.075 

.333 

.325 

.026 

.453 

1208 

.195 

.035 

.074 

.177 

.079 

.460 

•  .457 

.039 

.588 

1211 

.141 

.114 

.ok 

.165 

.188 

.260 

.315 

.042 

.499 

1214 

.108 

.075 

.067 

.123 

.071 

.389 

.686 

.045 

.461 

121? 

.116 

.028 

.035 

.111 

.061 

.364 

.482’ 

.015 

.210 

1220 

.078 

.050 

.034 

.078 

.075 

.307 

.487 

.016 

.243 

1224 

.085 

.039 

.023 

.074 

.057 

2.304 

.504 

.015 

.152 

1227 

.081 

.026 

.020 

.076 

.067 

.418 

.562 

.019 

.182 

1230 

.093 

.037 

.04? 

.085 

.062 

.488 

.905 

.012 

.123 

1233 

.066 

.082 

.027 

.083 

.075 

.430 

.641 

.027 

.170 

1236 

.068 

.051 

.018 

.086 

.113 

.306 

.605 

.016 

.107 

1240 

.121 

.154 

.058 

.135 

.145 

.468 

.639 

.044 

.400 

1244 

.154 

.037 

.128 

.101 

.126 

2.S58 

2.861 

.133 

1.601 

1247 

.038 

.033 

.030 

.048 

.1159 

1 .013 

4.488 

.019 

.173 

12*1 

.091 

.081 

.092 

.078 

.158 

.732 

.836 

.046 

.945 
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( g/U  g  ) 


(Uj>n  1SW  3A0SU  .LHDI3M 


ladder  profile  over  deep  water  Figure  26d.  RSD  Flight  6  ladder  profile  over  deep  water 
if.  Fig.  5c).  The  time  interval  E  of  RSD.  (ref.  Fig.  5b).  The  time  interval 
1  to  1250  LT.  should  be  1211  to  1250  LT. 


POTENTIAL  (UV) 


Date:  13  March  1987 


Takeoff:  1320  (LT)  from  RSD 
Landed:  1600  at  RSD 

Conditions :  dear  skies  initially;  encountered  scattered  cumulus  with 
bases  at  1.4  km  and  1.8  km  tops  during  spiral  downsounding.  Winds  were 
from  the  NNE  at  4  m/s  at  takeoff  and  appeared  to  increase  during  the 
flight.  Few  whitecaps  and  swells  were  <1  m. 

Instruments:  Positive  conductivity  tube  was  noisy. 

Summary:  Made  soundings  50-80  km  NE  of  RSD  over  deep  ocean.  The  ladder  and 
spiral  profiles  were  obtained  in  slightly  different  regimes  as  the  latter 
was  performed  in  a  region  of  scattered  cumulus  clouds.  The  aircraft  was  in 
a  7°  left  bank  during  the  spiral  descent. 
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Table  20a.  RSD  Flight  7  averages  for  constant  altitude  runs 
performed  NE  of  RSD. 


13  MAR  13)7 


AWERAGES  FROM  LEWi  m 


1326  53  .01:.  2.625-03 

1330  111  .01 '3  1.7/2-03 

1336  40  . 006  3.61E-03 

1340  33  .003  2.32: -03 

1342  48  .013  7.5&E-03 

1344  32  .031  2.512-03 

1346  43  .08!  1 .945-03 

1351  40  ,133  1.252-03 

1353  37  ,224  5.286-04 

1355  37  .344  1.042-03 

1356  34  ,2.43  5. Oft -04 

1400  33  .'353  7.13: -04 

1406  135  !.7?7  i;.l4t-ii4 

1415  33  1,380  3.07-2-04 

!470  42  ;.:f; 

1452  54  5.144  4.117  05 

142.0  113  3. 775  I.iihl  u5 

1440  41  4.215  2.27-  03 

1508  50  .008  7.025- 03 

151:3  7u  .03  i  1.71  "05 


1 .301-02 

6.7 

3.421-02 

8. 5/E -03 

6.2 

3.142-02 

1.8GE-02 

7.8 

6.1X-02 

3.8GE-02 

7.3 

1 .215-01 

1.45E-02 

7.3 

4.556-02 

9.04E-03 

8.0 

2.77E-02 

4.0(€-03 

7.5 

1.B7E-02 

1.35E -03 

7.3 

1.082-02 

8.08L-04 

7.1 

7.925-03 

1.05E -03 

7.1 

7.585-03 

3.151-04 

7.0 

5.425-03 

1.112-08 

j.S 

7.212-05 

5.62E-03 

6.4 

1.68E-02 

1.252-03 

3.5 

1.292-02 

1.22F-0 “ 

1.0 

1.026-03 

5.212-04 

1.1 

7.382-04 

5.225-U4 

r 

3.78E-04 

3.  305  -04 

,'*i 

4.892-04 

2. 7(6  02 

7.6 

1 .2(6-01 

4.852-03 

7.4 

2.372-08 

1011.3  18.5  24.3  12.2 

1011.1  13.3  23.8  11. 5 

1012.3  18.4  24.0  10.5 

1012.5  15.5  24.2  10.5 

1011.2  18.2  23.3  !0.4 

1009.1  18.0  24.0  10.3 

1005.3  16.7  23.9  10.1 

338.1  18.1  23.8  8.2 

888.8  17,2  24.1  6.7 

374.8  15.2  24.2  3.8 

841.6  13.4  ?4.1  7.7 

307.3  10.5  24.0  7.0 

0/3.3  7.4  74.2  3.6 

312.2  3.7  23.3  -3.8 

787. 2  2.3  74.2  -20.1 

533.8  -1.5  23.8  -20.2 

j44.2  2.8  24.4  28.3 

GO1). 3  -7,1  22.2  -30.8 

1013.5  15.2  a.b  8.5 

1011.7  18.8  25.0  8.2 
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Table  20b.  RSD  Flight  7  (standard  deviations ) /averages  for 
constant  altitude  runs  performed  NE  of  RSD. 


Sl&OH)  OEVlfll  IDNS/tCPN  VALUES 


lice 

EJ'jeld 

tan 

~Lan 

Con  Curr 

1326 

.169 

.330 

.074 

.201 

1330 

.166 

.252 

.066 

.197 

1336 

.122 

.293 

.075 

.214 

1340 

.192 

.374 

.066 

.237 

1342 

.146 

.297 

.081 

.218 

1344 

.171 

.205 

.101 

.180 

1346 

.131 

.183 

.051 

.174 

1351 

.093 

.141 

.038 

.120 

1353 

.044 

.078 

.02 1 

.074 

1356 

.048 

.107 

.036 

.087 

1353 

.037 

.071 

.058 

.082 

1400 

.044 

.104 

.121 

.074 

1406 

.231 

.287 

.068 

.273 

1415 

.200 

.168 

.126 

.182 

1420 

.054 

.029 

.023 

.047 

1425 

.047 

.073 

.049 

.042 

1430 

.030 

.013 

.017 

.035 

1440 

.034 

.015 

.008 

.033 

1503 

.143 

.333 

.0/7 

.271 

1512 

.136 

.271 

.066 

.177 

CCN 

EPS 

Cl  2 

Q 

Cn2 

.00*3 

.317 

.365 

.042 

.643 

.147 

.505 

.466 

.041 

.573 

.163 

.391 

.413 

.045 

.543 

.120 

‘  .289 

.453 

.054 

.539 

.121 

.198 

.2/4 

.046 

.142 

.320 

.322 

.040 

.477 

.162 

.498 

.642 

.038 

.773 

.078 

.368 

.547 

.025 

.407 

.047 

.519 

1.091 

.020 

.667 

.073 

.242 

.622 

.023 

.375 

.089 

.637 

1.073 

.022 

.190 

.501 

.294 

.341 

.332 

.573 

.092 

.531 

1.112 

.064 

1.595 

.105 

.696 

.661 

.124 

.013 

.155 

.53/ 

.252 

.107 

.061 

.146 

1.222 

.322 

.226 

.343 

.265 

1.635 

1.197 

.007 

.383 

.077 

.605 

.383 

.000 

.700 

.103 

.536 

.45/ 

.04/ 

.702 

.083 

.396 

.317 

.038 

.581 
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V 


POTENTIAL  (kV) 


wnsoundxng  over  deep  Figure  27h.  RSD  Flight  7  spiral  dowixsoundi ng  over  deep 

Fig.  5h) .  water  NE  of  RSD  (ref.  Fig.  5q). 


CN  (U/cc ) 


Date:  14  March  1987 


Takeoff:  1421  (LT)  from  RSD 
Landed:  1554  at  North  Eleuthera 

Takeoff:  1632  from  North  Eleuthera 

Landed:  1728  at  RSD 

Conditions:  Low  scattered  cumulus  (<1/10  cover)  with  bases  at  1.4  km; 
lowered  visibility  because  of  haze  in  mixed  layer.  Winds  at  RSD  were  from 
the  NE  gusting  to  12  m/s.  Lots  of  whitecaps. 

Instruments:  Both  conductivity  tubes  were  noisy;  had  added  a  high  and  lew 
pass  filter  to  the  Lyman- alpha  output  to  record  fast  fluctuations  of 
humidity  on  the  strip  chart. 

Summary:  A  ladder  profile  and  a  spiral  descent  were  made  over  deep  water  E 
of  Eleuthera  enroute  to  the  North  Eleuthera  airport.  Up-  and  downsoundings 
were  obtained  upwind  of  the  island  cn  the  return  flight  to  RSD.  Electric 
field  records  showed  plume  structure  below  50  m  altitude. 
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Table  21a.  RSD  Flight  8  averages  for  constant  altitude  runs 
performed  NE  of  RSD  over  deep  water. 


fWEiWGES  FW  Lcj/cl  HNi 


'line 

N 

Altitude 

t_1  ielc) 

1W1 

kiit 

0/(i 

1428 

40 

.006 

214.26 

1431 

113 

.015 

177.76 

1439 

56 

.031 

184.31 

1443 

44 

.1)61 

176.51 

1446 

47 

.127 

170.34 

1446 

12 

.213 

156.60 

1460 

30 

.305, 

150.51 

1451 

33 

.601 

124.52 

1454 

31 

.376 

103.79 

1456 

20 

1.281 

87.46 

1458 

28 

1.690 

50.77 

1504 

35 

2.437 

12.42 

1507 

28 

3.030 

5.78 

1511 

a 

3.634 

7.70 

1514 

20 

4.066 

6.01 

-tan 

Con  Curr 

10" -14 

10"-14 

10" -12 

.71 

.44 

2.06 

.13 

.14 

.49 

.27 

.05 

.80 

.55 

.63 

2.11 

.67 

.65 

2.06 

.59 

•S3 

2.00 

.61 

.71 

1.99 

.60 

.70 

1.65 

.57 

.67 

1.29 

.95 

.79 

1.60 

1.29 

1.22 

1.18 

4.77 

4.97 

1.21 

5,.% 

6.0S 

1.18 

7.24 

7.15 

1.11 

8.34 

3.27 

1.03 

lleta  w 

Rel  riue 

ON 

C' 

7. 

k/cc 

13.5 

55.S 

2.48 

19.1 

54.4 

5.66 

iB.D 

32.6 

2.62 

10.9 

51.1 

2.53 

19.5 

48.0 

2.65 

19.0 

50.1 

2.49 

18.9 

63.0 

2.38 

18.8 

62.7 

2.25 

18.6 

62.5 

2.22 

18./ 

83.5 

2.00 

20.0 

74.4 

.4? 

27.5 

9.4 

.53 

31.1 

13.2 

.05, 

33.5 

14.7 

.55 

34.7 

15.4 

TO 

fime  N  altitude  EPS  CT2 
k»  a2/s3  C2/n2/3 


1428  40 
1431  113 
1438  58 
1443  44 
1448  4 7 
1448  22 

1450  30 

1451  33 
1454  31 
1456  20 
1458  28 
1504  25 
150/  28 
1511  27 
1514  20 


.008  7.85E-03  3.16E-02 
.015  4. Off-83  1.40E-02 
.031  3. 29c -03  6.748-03 
.061  2.17E03  5.13E-03 
.127  1.618-03  2,438-03 
.213  1.128-03  7.658-04 
.305  1.488-03  1.018-03 
.601  6. 478-04  1 .648-03 
.976  7.928-04  1.541-03 
1.281  5.778-04  9.83E-G3 
1.890  9.758-04  2.206-03 
2.437  S.68£-0S  1.276-04 
3.030  4.588-06  1.28E-04 
3.634  4.228-06  2.2SE-04 
4.068  7.288-06  S. 326-05 


(1 

Cq2 
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I  rose 

1  IR 

T  oee 

g/icg  <g/lcg)2ir2/3 

n£ 

C 

"C 

"C 

7.2 

1.37E-01 
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18.2 

24.6 

9.2 

6.8 

5.41E-02 

1007.2 

17.7 

24.1 

8.4 

5.5 

2.92E-G2 

1005.1 

17.4 

24.0 

7.6 

6.2 

2.08E-02 

1001.6 

17.1 

24.3 

6.9 

5.5 

1.7BE-02 

994,2 

17.2 

24.4 

5.0 

5.7 

7.14E-03 

984.2 

15.9 

24.3 

5.5 

5.8 

1.136-02 

973.6 

14.9 

24.1 

5.6 

5.8 

5.5GE-03 

940.2 

12.0 

23.8 

5.1 

8.2 

8.33E-03 

899.3 

6.1 

23.7 

5.3 

5,4 

2.30E-02 

867.0 

5.4 

23.5 

2.B 

3.8 

5,886-03 

805.5 

1.1 

21.2 

-3.1 

.6 

3,366-04 

763.2 

3.3 

23.4 

-26.2 

.8 

4.176-04 

699.7 

./ 

23.4 

-24.4 

.7 

4.63E-04 

648.4 

-3,1 

23.4 

-26.3 

.6 

1 .376-03 

813.5 

”c,2 

23.5 

-28.4 
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Table  21b.  RSD  Flight  8  (standard  deviations) /averages  far 

constant  altitude  runs  performed  NE  of  RSD  over  deep 
water. 


SlftOH)  UWIfllltNS/ttflN  WLUES 


liie 

ij  ielri 

-'Lam 

-L» 

Con  Curr 

1428 

.103 

1.110 

.548 

.864 

1431 

.093 

.562 

.506 

.510 

1439 

.103 

2.258 

.801 

2.780 

1443 

.142 

.254 

.095 

.232 

1446 

.066 

.23/ 

.135 

.186 

1448 

.033 

.120 

.076 

.078 

1450 

.051 

.216 

.105 

.165 

1451 

.025 

.072 

.082 

.075 

1454 

.222 

.334 

.188 

.255 

1456 

.145 

.469 

.310 

.400 

1458 

.12/ 

.30/ 

.210 

.104 

1504 

.079 

.010 

.009 

.096 

150/ 

.03/ 

.005 

.025 

.041 

1511 

.02-9 

.008 

.018 

.035 

1S14 

.045 

.005 

.003 

.068 

ON 

EPS 

CT2 

Q 

Ca2 

.038 

.2/6 

.185 

.OKI 

.343 

.496 

.388 

.422 

.053 

.464 

.048 

.660 

.438 

.047 

.436 

.035 

'  .499 

.771 

.054 

.571 

.068 

.418 

.431 

.055 

.576 

.045 

.592 

.615 

.035 

.280 

.041 

.433 

.651 

.057 

.466 

.043 

,498 

2.000 

.044 

.209 

.045 

.205 

.488 

.030 

.513 

.063 

.788 

.703 

.093 

.E63 

.318 

.797 

1.342 

.139 

.835 

.222 

.353 

.311 

.049 

.036 

.178 

.224 

1.080 

.013 

.1)47 

.124 

.855 

.030 

.080 

.120 

.187 

.344 

.024 

.054 
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POTENTIAL  (LV) 


CCN  (K/cc) 


;piral  downsounding  over  deep  Figure  28h.  RSD  Flight  8  spiral  downsounding  over  d 

Eleuthera  (ref.  Fig.  5h).  water  E  of  N.  Eleuthera  (ref.  Fig.  5g). 


POTENTIAL  CUV) 


244 


CCN  (K/ 


POTENTIAL  (UV) 


CCN  (K/ 


Figure  28q.  Meteorological  sounding  from  Nassau,  Bahamas,  taken  on  the  day  of 
Flight  8  (14  March  1987). 


Date:  16  March  1987 


Takeoff:  1006  (LT)  fran  RSD 

Landed:  1510  at  Nassau 

Conditions:  Scattered  cumulus  clouds  throughout  the  flight;  bases  were  at 
1.1  km  over  the  Gulf  Stream  (after  1245  LT).  Winds  were  light  and  from  the 
E  at  takeoff  from  RSD;  the  direction  shifted  to  NE  later  in  the  flight  and 
gained  velocity  to  an  estimated  5  m/s.  No  white  caps  initially  but  began 
to  see  a  few  on  nearing  Bimini. 

Instruments:  bridge  #2  began  to  give  intermittent  output  so  was 

replaced  by  #1  bridge  at  about  1130  LT.  The  ccnputer  sampling  rate  was 
increased  for  several  low  constant  altitude  passes  to  record  simultaneous 
humidity  fluctuations  and  electric  field  variations  for  later  spectral 
analysis. 

Summary:  The  purpose  of  the  flight  was  to  obtain  data  over  the  Gulf  Stream 
where  wanner  water  temperatures  would  cause  stronger  convection  than  in  the 
Eleutheran  waters.  Constant  altitude  runs  and  one  spiral  descent  was 
performed  over  shallow  water  between  RSD  and  Bimini  between  1014  and  1220 
LT.  A  complete  ladder  profile  and  continuous  dcwnsounding  from  4.1  km  were 
made  over  the  Gulf  Stream  between  Bimini  and  Florida  from  1300  to  1413  LT 
followed  by  linear  up-  (to  2.9  km)  and  down- soundings  enroute  to  Nassau. 
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Table  22a.  RSD  Flicfct  9  averages  and  standard  deviations  far 
constant  altitude  runs  performed  between  RSD  and 
Bimini  over  shallow  water. 


WQHGES  F30H  LEWI  HUNS 


bae 

N 

Altitude 

cj'ield 

Htt 

km 

0/m 

1014 

49 

.006 

171.45 

1 01/ 

88 

.015 

153.04 

1020 

41 

.031 

123.58 

1025 

61 

.006 

160.02 

m 

52 

.031 

156.81 

1114 

21 

2.576 

15.37 
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3 

.006 

201.80 

1230 

S3 

.031 

1S3.S6 

1232 

27 

.006 

196.15 

1235 

121 

.053 

154.51 

!23? 

27 

.126 

136.23 

u.a» 

-Lam 

Con  (urr 

10" -14 

10*  -14 

10  -12 

.08 

.83 

2.95 

.06 

,04 

2.G3 

.68 

.61 

2.21 

.87 

.84 

2.92 

.66 

.84 

2.70 

5.37 

5.31 

1.73 

.77 

.78 

3.1? 
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.77 

3.00 

.(8 

.72 

3.01 

.03 

.01 
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.01 
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2.16 
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Rel  Hun 

CW 

■  r 

7. 

k/cc 

21.7 

57.7 

2.33 

21.4 

57.5 

1.42 

21.3 

54.8 

1.28 

21.7 

50.6 

2.25 

21.5 

56.8 

1.37 

31.0 

11.5 

.46 

21.3 

76.6 

2.3? 

21.5 

71,3 

2.87 

21.6 

72.3 

3.12 

21.5 

72.3 

1.87 

21.2 

74.6 

1.5? 

funs 

N 
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•tm 

km 
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<0 

.006 
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68 

.015 
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41 

.031 
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61 

.006 
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52 

.031 

1114 

21 

2.576 

1227 

9 

.006 
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.031 
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27 

.006 
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.059 
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27 

.128 

EPS  CT2 
n2/s3  C2/m2/3 

1.3&--03  S.736-03 
G.9BE-M  1.4BL-Q3 
4.14E-04  1.176*03 
t .£££-03  7.95E-03 
1 .646-03  G.71E-03 
3.41E-06  4.96E-02 
6.25E-09  1.53E-02 
4.02E-04  5.01E-03 
5.546-04  1 .04-1-02 
1.60E-04  1 .206-02 
1.7K-09  2.116-02 


u 

6c? 

fro*? 

LSI 

(  ueu 

oAc  <cAc)2&r  2/3 

nt! 

C 

Kj 

r- 

6.3 

7.422-02 

1012.7 

20.1 

23.0 

11.4 

6.2 

4,?.t-02 

1011,3 

19.7 

22.0 

11.1 

7.7 

4.282-02 
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19.5 

21.7 

10.1 

3.4 

7,1  IE-02 

1012.6 

20.0 

22. B 

11.5 

8.1 

3.986-02 
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19.9 

23.3 
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,9 

4.  ICE-04 

745.1 

5.3 

23.8 
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10.6 

3.976-02 
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1S.3 

22.5 

15.1 

10.0 

2.15E-02 
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22.4 

14.2 
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3.816-02 
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19.6 
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14.5 

C  l\ 

1 .616-  0? 
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22.2 

14.0 

s!e 

1 .336-02 

998.5 
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hanmhi  values 
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E_r  ielo 

'tarn 
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.147 

.033 
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.135 

.041 
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.055 

.029 

I"?1. 

.144 

.039 

ii)>; 

.122 

.031 

1114 

.1106 

.013 

12:!? 

,10i 
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•;:o 

.123 

.042' 

.0:5 
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1  /.l 

.  L  •/. I 

.lt3 

.064 

i'V 

.04/ 

.1)21 

-'.am 

tor'  uirr 

ccs 

Cl  2 

•J 

.015 

.107 

.  154 
.1:2 

•  >  i 

.073 

.194 

.277 

.51/ 

.U'l 

.042 

.048 

.247 

.392 

.035 

.05? 

.051 

.2u9 

.405 

.0j3 

.373 

.055 

.141 

203 

,415 

ATI 

.062 

243 

.085 

.140 

.0.;! 

.357 

.414 

.!)>: 

■  Ik 

,007 

.0/0 

.i.'OU 

.115 

.079 

.0/5 

0/2 

.19/ 

.3.X 
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.tX6 

.02/ 

-x  - 

•  «  .-J 

.17) 
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.050 
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.023 

.247 

.082 
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.051 

.381 

.102 

.o'  1 
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A?. 
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.04. 

.iry: 

,1)2; 

.114 
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Table  22b.  RSD  Flight  9  averages  for  ocnstant  altitude  runs 
performed  over  the  Gulf  Stream  between  Bimini  and 
Florida. 


AVERAGES  FROM  LEVEL  RUNS 


lira 

N 

ft]  ti tude 

i_f  it  lef 

■*Laa 

•Lan 

Con  Curr 

Theta_u 

Kel  Hum 

C»*j 
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km 

V/ji 
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»■* 

i. 

1 
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.Obi 
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.8ft 

1.5b 
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S3.1 

2.73 

m 

54 

.003 
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.80 
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21.8 
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1.8? 

1250 

50 

.015 
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1.92 

1312 

35 

.134 

145. So 

.79 

,77 

2.3ft 

21.7 

S7.0 
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23.0 

85. 2 

.36 

1233 

A! 

1 .310 

55.5b 
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5.57 

1.57 

33. G 

3.3 

.35 

134? 

3.655 

13.70 

8.08 
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3.9 

24.1 

5.7 

t  yy.i 

41 

1.610 

il.lCLU'.: 

3.416-03 

2.4 

9.506-03 

538.2 

7.2 

23.2 

ft.  5 

1333 

33 

1 .358 

7.29:  :}j 

2.71,6-03 

hi 

4.456-03 

813.4 

6.3 

23.8 

2.0 

1340 

32 

2.452 
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Table  22c.  RSD  Flight  9  (standard  deviations) /averages  far 
constant  altitude  runs  performed  over  the  Gulf 
Stream  between  Bimini  and  Florida. 
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EPS 
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.(145 
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.579 
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'light  9  ladder  profile  the  Gulf  Stream  Figure  29b.  RSD  Flight  9  ladder  profile  the  Gulf  Stream 

Bimini,  (ref.  Fig.  5a).  E  of  <«»f.  Fi9-  5b). 
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Flight:  10 


Date:  16  March  1987 

Takeoff:  1615  from  Nassau 

Landed:  1750  at  RSD 

Conditions:  Clear  skies  overhead  with  scattered  cumulus  to  the  N  and  S  of 
the  flight  path.  Winds  were  from  the  NE  at  an  estimated  5  m/s.  Very  few 
white  caps. 

Instruments:  All  worked  properly. 

Stannary:  Soundings  were  Obtained  cn  a  linear  ascent  between  Nassau  and 
Governors  Harbor  over  shallow  water  and  a  spiral  descent  from  4.1  km  E  of 
Eleuthera  over  deep  ocean. 
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Table  23.  RSD  Flight  10  averages  and  standard  deviations  for 
constant  altitude  runs  performed  just  E  of  RSD. 
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:  10  continuous  upsounding  between  Nassau  Figure  30e.  RSD  Flight  10  continuous  upsounding  between  Nassau 

rer  shallow  water  (ref.  Fig.  5e).  ar'd  FSO  over  shallow  water  (ref.  Fig.  5f ) . 
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E  of  RSD  Figure  30i.  RSD  Flight  10  spiral  downsounding  just  E  of  RSD 
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just  E  of  RSD  Figure  30k.  RSD  Flight  10  spiral  downsounding  just  E  of  RSD 

(ref.  Fig.  5g). 


Figure  301.  Meteorological  sounding  from  Nassau,  Bahamas,  taken  on  the  day  of 
Flight  10  (16  March  1987). 
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Date:  17  March  1987 


Takeoff:  1107  LT  fran  RSD 

Landed:  1515  at  RSD 

Conditions:  Clear  skies  with  winds  from  ENE  at  6  m/s  (calculated  from 
groundspeed  and  airspeed  measurements);  very  few  whitecaps  and  ocean  swells 
<1  m. 

Instruments:  All  worked  properly. 

Summary:  Flight  consisted  of  2  data  taking  missions;  1)  to  obtain 
convection  current  profiles  and  2)  to  record  electric  field  and  humidity 
fluctuations  at  various  heights  to  examine  the  organization  of  convection. 

A  ladder  profile  and  spiral  dcwnsounding  were  performed  recording  all 
instruments  over  the  ocean  40-80  km  E  of  RSD.  Then  the  computer  sampling 
rate  was  increased  to  about  2  Hz  and  only  electric  field,  polar 
conductivities,  humidity  fluctuations  (passively  bandpassed  between  about 
0.1  and  5  Hz)  and  the  epsilon  RMS  values  were  recorded.  Constant  altitude 
runs  were  made  over  the  same  region  sampled  earlier,  each  consisting  of  a 
crosswind  and  an  up  or  downwind  leg. 
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Table  24a.  RSD  Flight  11  avers  3S  for  constant  altitude  runs 
performed  E  of  RSD  over  deep  water. 
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Table  24b.  RSD  Flight  11  (standard  deviations) /averages  for 

constant  altitude  runs  performed  E  of  RSD  over  deep 
water. 
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Figure  31b.  RSD  Flight  11  ladder  profile  over  deep  water 
E  of  RSD  (ref.  Fig.  5b). 
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VI.  DATA  SUMMARIES  AND  OONVECTIGN  CURRENT  PROFILES 

Dlls  section  contains  sunmaries  of  turbulence,  electrical,  and  model 
parameters  for  each  flight  In  both  deployments  in  addition  to  plots  of 
convection  current  profiles.  Definitions  of  symbols  and  references  to  pages 
where  they  are  discussed  are  presented  in  Table  25.  Parameters  pertinent 
to  evaluating  the  charge  transport  model  calculated  from  ladder  profile 
data  can  be  found  in  Tables  26  and  27.  Electrical  parameters  determined 
from  spiral  soundings  are  emphasized  in  Tables  28  and  29  and  convection 
current  profiles  from  both  field  deployment  are  presented  in  Figures  32 
through  48. 

As  was  indicated  above.  Tables  26  and  27  list  values  for  parameters 
necessary  for  testing  Willett's  turbulent  transport  model.  Data  are  only 
provided  for  flights  where  valid  convection  current  profiles  were  obtained. 

Table  26  lists  results  from  the  desert  flights.  Die  given  times  are 
when  the  aircraft  was  at  15  m  height  in  the  neighborhood  of  the  ground 
station,  either  initiating  or  ending  a  ladder  profile.  Wind  directions  are 
from  observations  made  by  John  Willett  while  operating  the  grourxJ  station 
and  wind  speeds  were  measured  with  an  anemometer  at  2  m  height.  Since 
there  was  some  uncertainty  in  the  aircraft  determinations  of  fc  ,  the 
surface  scaling  parameters  were  calculated  from  ground  station  measurements 
(note  the  suffix  "gs" )  using  the  dissipation  method.  Aircraft  measurements 
of  6  were  in  most  cases  a  factor  of  3  to  4  larger  than  ground  station 
values.  We  suspect  a  faulty  FMS  unit  aboard  the  aircraft  may  have  caused 
this  problem  and  similar  difficulties  in  determining  Cj.2  in  the  ocean 
flights. 

Table  27  displays  results  from  the  ocean  deployment.  The  listed  times 
correspond  to  when  the  aircraft  was  15  m  above  the  surface  either  beginning 
or  ending  a  ladder  profile.  Wind  directions  are  from  aircraft 
observations  while  the  speeds  were  calculated  from  the  surface  friction 
velocity  (u, )  and  surface  drag  coefficients.  (Speeds  calculated  in  this 
manner  were  generally  within  10%  of  those  observed  from  the  aircraft. ) 

Since  there  was  some  uncertainty  in  the  Cj2  and  Cq2  measurements  in  this 
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deployment,  the  listed  tenperature  and  humidity  surface  scaling  parameters 
are  those  calculated  using  the  bulk  aerodynamic  technique,  hence  the  "_blk" 
suffix.  When  Cj.2  values  were  divided  by  3,  T*  values  determined  from  the 
dissipation  method  were  ccnparable  in  magnitude  to  thoce  resulting  fran 
bulk  calculations. 

The  aerosols  values  presorted  in  Tables  26  and  27  have  been  corrected 
using  the  data  of  Figure  4.  Since  the  calibration  was  performed  prior  to 
the  experiment,  the  range  of  particle  densities  could  not  be  anticipated. 
Therefore,  seme  parts  of  the  curve  involve  generous  interpolation  which 
could  lead  to  errors  in  determining  aerosol  concentrations.  This  would 
have  a  deleterious  effect  cn  the  calculated  volume  ionization  rates  and 
small  ion  lifetimes  as  well. 


Two  new  variables,  Rj  and  Vx ,  are  introduced  in  Tables  28  and  29. 
Columnar  resistance,  Rj ,  was  calculated  front  conductivity  using  the 
following  equation: 


/apogee 

(A++>0'xdz  +  h  (A.  +  XJ' 


apogee 


Where  h  is  the  electrical  scale  height  (Gish,  1944)  at  the  flight  apogee 
and  terms  subscripted  "apogee"  denote  measurements  taken  at  the  maximum 
flight  altitude.  The  second  term  in  the  above  equation  accounts  far  the 
resistance  between  the  top  of  the  sounding  and  the  ionosphere  and  in  most 
of  the  data  presented,  represents  less  than  10%  of  Rj. . 

Ionospheric  potential,  Vj ,  was  found  from  integrating  the  electric 
field  and  extrapolating  it  to  the  ionosphere  as  illustrated  below: 


V.  (Volts)  = 


'  apogee 

)  E  dz 


h  E. 


apogee 


where,  again,  h  is  the  electrical  scale  height  at  the  maximum  flight 
altitude.  The  second  term  contributed  around  10%  to  typical  Vx 
determinations.  The  data  presented  in  this  section  uses  the  oenventien 
that  fair  weather  electric  fields  are  negative,  thus  Vx  is  negative. 
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Assuning  Ohm's  law  to  be  operative  in  the  atmosphere,  Vj  =  JQ  Rj . 

This,  however,  is  true  only  in  the  absence  of  convection  current.  The 
ratio  Rj  J0/Vj  (convective  factor,  C.F. )  when  subtracted  from  1  gives  the 
fractional  decrease  of  JD  due  to  convection.  Tables  28  and  29  present 
values  of  C.F.  for  each  spiral;  a  further  discussion  of  its  significance 
can  be  found  in  Appendix  B. 

Convection  current  profiles  from  the  desert  deployment  are  illustrated 
in  Figures  32  through  39.  These  plots  are  only  provided  far  the  flights 
listed  in  Table  26.  Jc  values  were  calculated  from  averages  of  level  runs 
(see  data  tables  for  individual  flights)  and  were  normalized  using  the  JQ 
values  listed  in  the  table.  The  altitudes  have  been  normalized  by  dividing 
each  height  by  the  boundary  layer  thickness,  ZL  .  Similar  profiles  far  the 
ocean  flights  listed  in  Table  27  are  presented  in  Figures  40  through  48. 
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Table  25.  Simmary  of  symbols  used  in  Section  VI  tables. 


Variable 

Definition 

Uhits 

ref.  page 

u. 

Surface  scaling  parameter  for 
velocity. 

m/s 

21 

T. 

Surface  scaling  parameter  for 
temperature. 

°C 

21 

q. 

Surface  scaling  parameter  for 
tumidity. 

g/Kg 

21 

\ 

Boundary  layer  thickness. 

m 

20 

taulam 

Electrical  relaxation  time. 

s 

19 

Aerosols 

Large  particle  concentration. 

m'3 

12 

Jo 

Conduction  current  density. 

pA/m2 

18 

A 

J«x 

Electrode  effect  efficiency 

- 

18 

factor. 

/V 

V 

Dimensionless  potential  drop 
across  the  boundary  layer. 

- 

19 

L 

Monin-Obukhcv  length. 

m 

22 

taun 

Small  ion  lifetime. 

s 

19 

q 

Volume  ionization  rate. 

m'  3  s' 1 

19 

R 

Dimensionless  potential  drop. 

- 

22 

-Zi/L 

Convective  scaling  factor. 

- 

22 

lam  tot 

Total  conductivity 

cmh' 1  nr 1 

11 

RI 

Columnar  resistance 
extrapolated  to  the  ionosphere 

ohm  nr2 

285 

VI 

Integrated  electric  field 
extrapolated  to  the  ionosphere 

V 

285 

C.F. 

Convection  Factor  =  Rj  J0/Vj 

- 

286 
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Table  26.  Electrical,  meteorological  and  model  parameters  from 
flights  conducted  over  the  desert  near  Hobbs,  NM. 


Averages .  2.22  1.16  24  215  4.42E+06  0.089 


Table  27.  Electrical,  meteorological  and  model  parameters  from 

flights  conducted  over  the  ocean  near  the  Bahamas  Islands. 
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Table  28.  Electrical  parameters  obtained  from  continuous  soundings 
on  flights  conducted  over  the  desert  near  Hobbs,  NM. 
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Table  29.  Electrical  parameters  obtained  from 
on  flights  conducted  over  the  ocean 
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Figure  33.  Hobbs  Flight  5-1  normalized  convection  current  profile 
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Figure  34.  Hobbs  Flight  11-1  normalized  convection  current  profile 
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Figure  35.  Hobbs  Flight  12-1  normalized  convection  current  profile 
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Figure  36.  Hobbs  Flight  13-1  normalized  convection  current  profile 
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Figure  37.  Hobbs  Flight  14-1  normalized  convection  current  profile 
corresponding  to  1005  LT. 
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*  NORMALIZED  CONVECTION  CURRENT 
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Figure  38.  Hobbs  Flight  14-1  normalized  convection  current  profile 
corresponding  to  1112  LT. 


t  NORMAL 1  ZED  CONVECTION  CURRENT 


2BMAVB6  FL 1 GHT  #15  1431  TO  151B  LST 

21 -1300  Jo-1 .30 


Figure  39.  Hobbs  Flight  15-1  normalized  convection  current  profile 
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Figure  40.  Bahamas  Flight  2-1  normalized  convection  current  profile 
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Figure  41.  Bahamas  Flight  3-1  normalized  convection  current  profile. 
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Figure  43.  Bahamas  Flight  5-1  normalized  convection  current  profile. 
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NORMALIZED  UPWARD  CONVECTION  CURRENT 
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Figure  44.  Bahamas  Flight  6-1  normalized  convection  current  profile 
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Figure  45.  Bahamas  Flight  7-1  normalized  convection  current  profile 
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Figure  46.  Bahamas  Flight  8-1  normalized  convection  current  profile. 
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Figure  47.  Bahamas  Flight  9-1  normalized  convection  current  profile. 
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Figure  48.  Bahamas  Flight  11-1  normalized  convection  current  profile. 
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Appendix  A 

AIRCRAFT  INVESTIGATION  OF  ELECTRIC  CHARGE  FLUX  OVER  LAND  AND  SEA 

Bruce  Andersen  and  Ralph  Markscn 

Airborne  Research  Associates,  Weston,  MA  02193 

Christopher  W.  Fairall 

Pennsylvania  State  University,  University  Park,  PA  16802 
John  C.  Willett 

Naval  Research  Laboratory,  Washington,  DC  20375 

ABSTRACT:  Aircraft  measurements  of  electric  field,  conductivity  and 
turbulence  parameters  from  heights  of  3  m  to  several  km  have  been 
made  to  examine  the  electrical  and  meteorological  structure  of  the 
unstable  planetary  boundary  layer  (PBL).  Our  findings  indicate 
that:  1)  strong  electrode  layers  form  over  the  ocean  but  are  often 
inhibited  over  land,  apparently  because  of  surface  radioactivity, 

2)  convection-current  profiles  appear  to  be  governed  by  electrical 
relaxation  and  turbulence  intensity  as  predicted  previously  by  a 
nunerical  model  of  turbulent  charge  transport,  and  3)  vertical 
electric  field  measurements,  because  of  their  sensitivity  to  volumes 
of  space  charge,  show  details  of  oceanic  convective  plume  structure 
not  evident  in  records  of  humidity  or  other  in  situ  measurements. 

INTRODUCTION 

Positive  charge  can  accumulate  near  the  Earth's  surface  in  fair 
weather  because  of  the  electrode  effect.  This  is  especially  true  over 
water;  strong  electrode  layers  have  not  been  measured  over  land 
(Muhleisen,  1961). 

Oonvecticn  currents,  formed  when  electrode-effect  space  charge  is 
transported,  upward  by  turbulent  mixing  (Kraakevik,  1958;  Markscn  et 
al. ,  1981),  can  ocnprlse  a  significant  fraction  of  the  total  current 
density  near  the  ocean  surface.  This  positive  charge  flux  acts  as  an 
electrical  generator  which  raises  the  potential  in  the  PBL,  effectively 
reducing  the  air-earth  conduction-current  density  abov  the  exchange 
layer  (Willett,  1979). 

Hoppel  and  Gathman  (1971)  modeled  the  electrode  effect  using  an  eddy- 
diffusion  approximation  which,  though  giving  accurate  predictions  in 
some  cases,  fails  to  describe  large  ocnvecticn  currents.  Willett's 
(1979)  second-order-closure  model  of  turbulent  charge  transport  shows 
that,  in  addition  to  the  electrical  parameters,  the  surface  fluxes  of 
buoyancy  and  momentum  and  the  PBL  thickness  are  primary  factors 
governing  crxwecticn-current  intensity.  Aside  from  a  limited  number  of 
measurements  made  in  a  thin,  weakly  convective  PBL  over  the  ocean 
(Markscn  et  al.,  1981),  no  previous  attempts  have  been  made  to  study 
the  convective  generator  with  a  complete  array  of  atmospheric 
electrical,  meteorological  and  turbulence  instruments. 

EXPERIMENTAL  DESIGN 

Our  primary  experimental  objectives  were  to  determine  the  electrode¬ 
effect  source  strength  over  land  and  sea  and  to  obtain  convection- 
current  profiles  under  a  variety  of  atmospheric  conditions  in  order  to 
test  Willett's  model.  To  accomplish  this,  two  sites  were  selected  for 
the  field  experiments:  1)  Hobbs,  New  Mexico,  a  flat  desert  region 
characterized  by  sparse  vegetation,  intense  dry  convection  and  an 
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unusually  thick  PBL,  and  2)  the  ocean  near  Eleuthera,  Bahamas,  a 
classic  trade-wind  regime  with  clean  air  and  atmospheric  Instability 
caused  by  warm  water.  Our  aircraft  was  instrunented  to  measure 
vertical  electric  field,  both  polar  conductivities,  terperature,  dew 
point,  pressure,  infrared  surface  terperature,  cloud-ocndensaticn 
nuclei,  and  the  turbulence-structure  functions  for  velocity, 
terperature  and  humidity.  These  were  used  to  derive  conduction-  and 
oonvecticn-current  densities,  electrical  relaxation  times,  inversion 
heights,  atmospheric  stability,  and  surface  fluxes  of  heat,  momentum, 
and  moisture.  Mean  winds  were  derived  fran  airspeed  and  Loran 
groundspeed  measurements.  The  use  of  a  light  aircraft  allowed 
measurements  to  extend  to  within  3  m  of  the  surface  in  both  regimes. 

A  ground  station  was  also  operated  during  the  land  deployment  to 
record  wind  profiles,  turbulence-structure  functions  for  temperature 
and  velocity,  and  Wilscn  current.  These  provided  a  check  on  the 
aircraft  data  as  well  as  an  independent  means  for  determining  surface 
fluxes. 

DISCUSSION  OF  OBSERVATIONS 
Oceanic  Regime 

Figure  la  is  a  typical  example  of  PBL  electrical  structure  in  the 
Bahamas;  Fig.  lb  depicts  meteorological  profiles  far  the  same  flight. 
The  lower  tropospheric  structure  consists  of  a  well  mixed  PBL  capped  by 
a  weak  inversion  near  700  m  (Zi)  and  a  secondary  inversion  at  1300  m. 
Within  the  PBL,  the  electric  field  increases  with  decreasing  height 
while  conductivity  remains  constant,  indicating  a  convection  current 
(Jc).  The  magnitude  of  Jc  can  be  derived  through  the  relation 
JC=J0-EX,  where  JQ  is  the  air-earth  conduction-current  density  well 
above  the  inversion,  E  is  electric  field  and  X  is  total  conductivity. 
By  the  "physics"  sign  convention,  E  and  JQ  are  negative  while  Jc  is 
positive  in  fair  weather.  The  shaded  area  in  Fig.  la  indicates  the 
increase  in  conduction-current  density  (E  X  )  caused  by  Jc.  The 
strength  of  the  electrode  effect  charge  source  is  characterized  by  the 
maximum  Jc  (Jmax)  value,  which  in  this  case  is  about  1.1  pA/m2. 
Normalized  Jmax  values  have  been  shown  by  Markscn  et  al.  (1981)  to 
correlate  with  surface  fluxes  of  moisture  and  momentum. 

Preliminary  results  are  summarized  in  Table  1.  Nine  soundings  were 
obtained  over  water  when  measurements  from  the  full  complement  of 
instrumentation  were  unambiguous,  jmax  values  ranged  from  0.7  to  1.8 
pA/m2  (57%  to  93%  of  JQ).  The  average  Jmax/J0  of  0.74  is  in  fair 
agreement  with  theoretical  predictions  of  0.60  to  0.65  by  Willett 
(1983).  Volume  ionization  rates  calculated  from  conductivity  and 
aerosol  measurements  averaged  1.5  x  10^  m“3,  which  is  consistent  with 
that  due  strictly  to  cosmic  radiation  (Israel,  1970).  Air  temperatures 
ranged  to  from  1  to  6  °C  less  than  the  sea-surface  temperatures, 
resulting  in  significant  convective  mixing  on  each  flight. 


Conditions  ware  not  as  uniform  in  New  Mexico.  The  PBL  height  through 
10  flights  ranged  from  400  m  (early  morning)  to  2800  m  (afternoon)  as 
surface  heating  controlled  convection.  Aerosol  concentrations  averaged 
about  4  times  those  over  the  ocean  and  varied  by  a  factor  of  10  due  to 
natural  and/or  anthropogenic  factors. 

The  electrode-effect  charge  source  and  related  convection  currents 
were  generally  much  snail er  in  New  Mexico.  Jmax  values  ranged 
from  0  to  1.3  pA/m2  (0  to  65%  of  JQ)  and  Jmax/J0  averaged  0.3,  much 
less  than  the  predicted  range  of  0.7  to  0.9  (Willett,  1983).  PBL 


volure-icnizaticn  rates  averaged  about  8  x  10®  m~3,  5  times  larger  than 
the  oceanic  values,  due  to  a  combination  of  radioactive  emanations, 
surface  activity,  and  increased  cosmic  radiation  (ground  level  was  1.1 
km  MSL).  The  soil  probably  emitted  radon  gas.  This  point  is 
illustrated  in  Fig.  2,  electrical  profiles  obtained  in  the  early 
morning  before  the  onset  of  convection.  Conductivity  values  increased 
by  60%  near  the  ground,  causing  a  sharp  decrease  in  electric  field,  and 
a  shallow  layer  of  negative  space  charge  resulted.  The  onset  of 
convection  destroyed  most  of  the  conductivity  gradient,  although  some 
afternoon  profiles  showed  a  small  increase  in  conductivity  near  the 
surface.  Thus,  the  electrode  effect  probably  was  inhibited  by 
deposition  of  Radon  daughters  on  the  vegetation  (Willett,  1985),  Thcron 
gas  emission  from  the  soil,  or  seme  other  form  of  surface 
radioactivity. 

Effects  of  Turbulence 

The  columns  in  Table  1  headed  R  and  -Zi/L  are  turbulence  parameters 
used  by  Willett  (1979)  to  predict  the  strength  and  shape  of  convection- 
current  profiles.  R  is  a  ratio  of  electric  to  turbulent  time  scales 
given  by  R  =  u*Tx  /Zi,  where  u*  is  the  friction  velocity  and  h*x  is  the 
electrical  relaxation  time.  The  larger  u*  becomes,  the  shorter  will  be 
the  mixing  time  in  the  PEL,  and  for  a  given  7*  ,  the  higher  charge  will 
be  transported  before  decaying.  The  ratio,  -Zi/L,  is  an  indicator  of 
convection  strength,  where  L  is  the  Monin-Obukhov  length  and  denotes 
approximately  the  height  where  mechanical  and  buoyant  generation  of 
turbulence  are  equal.  L  is  dependent  on  the  surface  buoyancy  flux 
(produced  by  both  sensible  heat  and  water-vapor  fluxes)  and  u*,  and  at 
constant  wind  velocity,  -Zi/L  becomes  more  positive  with  increasing 
convection. 

As  Table  1  indicates,  both  R  and  -Zi/L  were  larger  in  the  ocean 
deployment.  Small  R  values  at  Hobbs  were  caused  mainly  by  the  higher 
ionization  rates  and  thicker  PBLs,  while  -Zi/L  ratios  were  affected  by 
the  latter  and  by  stronger  mechanical  turbulence  due  to  the  greater 
surface  roughness.  Figure  3  displays  normalized  ccxrvectiori-curTent 
(Jc/Jq)  profiles  from  both  locations  with  approximately  the  same  -Zi/L 
ratios,  but  varying  R  values,  while  Fig.  4  depicts  nearly  constant  R 
values  and  variable  -Zi/L.  Both  are  seen  to  systematically  affect 
convection  currents,  in  good  qualitative  agreement  with  the  model  (see 
Figs.  1  and  2  in  Willett,  1979),  although  In  some  cases  the  model 
predicts  currents  which  are  larger  by  a  factor  of  2  or  more. 

Since  these  upward  convection  currants  must  be  balanced  (in  the 
steady  state)  by  increases  In  the  downward  conduction-current  density 
within  the  mixed  layer,  they  have  the  effect  of  increasing  the 
electrostatic  potential  at  the  top  of  that  layer,  opposing  the  normal 
downward  flow  of  charge  in  the  fair  weather  atmosphere.  The  reduction 
in  total  downward  current  density  ( JQ)  due  to  convection  currents  alone 
averaged  12%  over  the  ocean,  but  only  a  few  percent  in  New  Mexico 
(Markscn,  this  conference). 

Oceanic  Oonvectlcn 

Horizontal  variations  in  vertical  electric  field  near  the  ocean 
surface  w*ere  found  to  be  highly  correlated  with  tumidity  fluctuations 
(q' )  as  illustrated  in  Fig.  5  (r=0.54;  N=288),  which  is  consistent  with 
earlier  findings  (Markscn,  1975).  Moisture  as  well  as  electrode-effect 
space  charge  are  accumulated  by  air  motions  into  small  plumes  spaced  at 
200  to  400  m  intervals  and  transported  to  the  interior  of  the  PBL 
where,  cn  windy,  ocnvective  days,  larger  scale  organization  occurs 
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(Kuettner,  1971);  cloud  streets  are  a  manifestation  of  this  effect. 
Since  space  charge  accumulates  in  these  large  updrafts,  electric  field 
measurements  can  provide  a  remote  indicator  of  their  size  and  spacing. 
This  is  illustrated  by  the  1  to  2  km  periodicity  also  evident  in  E  but 
missing  in  q'  (Fig.  5). 

The  dependence  of  the  relationship  between  E  and  q'  on  height  further 
exemplifies  the  remote  sensing  capability  of  electric  field 
measurements.  When  the  aircraft  flies  below  the  electrical  center  of 
the  plumes,  E  and  q'  increase  together  (Fig.  5);  when  most  of  the 
charge  is  beneath  the  aircraft,  E  and  q'  shew  a  negative  correlation 
(Fig.  6;  r=-0.26  N=188). 

CONCLUSIONS 

Preliminary  analysis  indicates  that  strong  electrode  layers  and  large 
convection  currents  can  form  over  the  ocean,  confirming  previous 
investigations  (Kraakevik,  1958;  Markscn  et  al.,  1981),  but  tend  to  be 
suppressed  over  land.  In  addition,  electric  field  measurements, 
because  they  integrate  space  charge  through  a  large  volume,  are  good 
indicators  of  cloud  scale  convective  patterns  over  the  ocean. 
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Fig.  la.  Profiles  of  electric  field, 
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Fig.  2.  Early  morning  sounding  of 
electrical  parameters  over  the 
desert. 
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Fig.  3.  Plots  of  -Jq/Jq  versus 
normalized  height  illustrating  the 
effect  of  varying  R. 
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Fig.  4.  Plots  of  -Jc/J0  versus 
normalized  height  shewing  effect  of 
varying  -Zi/L. 


Fig.  5.  Variation  of  electric  field  and  humidity 
on  crosswind  pass  over  the  ocean  at  6  m. 


Fig.  6.  The  same  as  Fig.  5  at  200  m. 
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COMPARISON  OF  IONOSPHERIC  POTENTIAL  AND  AIR-EARTH 
CURRENT  AS  INDICATORS  OF  THE  GLOBAL  CIRCUIT  CURRENT 

Ralph  Markson 

Center  for  Meteorology  and  Physical  Oceanography 
Massachusetts  Institute  of  Technology 
Cambridge,  MA  02139 


ABSTRACT:  The  sensitivity  of  ionospheric  potential  and  air-earth 
conduction  currents  (above  the  exchange  layer)  to  variation  caused 
by  processes  in  the  planetary  boundary  layer  are  examined  through 
analysis  of  atmospheric  electrical  soundings  made  over  land  and  sea. 
It  is  found  that  the  air-earth  current  is  particularly  sensitive  to 
local  variations  in  columnar  resistance  and  convection  of  space 
charge  as  predicted  by  theory.  It  would  not  be  a  good  parameter  for 
measurement  of  temporal  variation  of  the  global  circuit. 


INTRODUCTION 

A  decade  has  passed  since  it  was  proposed  that. . .  "a  Geoelectric 
Index  representative  of  global  thunderstorm  currents  should  be 
established  to  complement  the  Geomagnetic  Index  which  has  proven 
invaluable  in  solar- terrestrial  research"  (Markson,  1979).  Additional 
discussion  in  Markson  and  Muir  (1980)  concerned  how  such  measurements 
could  be  obtained  and  utilized  to  test  a  proposed  mechanisn  for  solar 
control  of  the  global  circuit  supply  current  through  modulation  of 
ionizing  radiation  over  thunderclouds  (Markson,  1978).  There  has  been 
growing  interest  in  establishing  such  an  index,  but  no  consensus  exists 
on  what  the  index  or  indices  should  be.  Few  and  Weinheimer  (1986) 
recommend  measurement  of  the  air-earth  conduction  current  from  a  free 
balloon  while  Markson  (1987)  responded  that  ionospheric  potential  would 
be  a  better  parameter  because  meteorological  factors  have  appreciable 
influence  on  air-earth  current. 

Recently,  in  an  investigation  of  the  convective  generator  (Anderson 
et  al . ,  this  volume),  unique  data  sets  have  been  obtained  in  which 
ionospheric  potential  (VI),  air-earth  current  density  above  the 
exchange  layer  ( J  ),  and1  the  ionosphere-to- earth  columnar  resistance 
(R_ )  (as  well  as  supporting  data)  have  been  measured  simultaneously 
from  an  aircraft  over  land  (Hobbs,  New  Mexico)  and  sea  (the  Bahamas). 
These  measurements  make  it  possible  to  quantitatively  compare  the 
effects  of  variations  in  Rj  and  vertical  transport  of  space  charge 
(Jc),  the  oonvective  generator,  on  and  JQ. 

METEOROLOGICAL  FACTORS 
Columnar  Resistance 

By  measuring  conductivity  profiles  it  is  possible  to  compute 
columnar  resistance  which  is  the  reciprocal  of  conductivity  integrated 
between  two  heights;  this  is  in  effect  the  resistance  of  a  column  of 
1  mz  cross -section.  A  sounding  between  the  ground  and  top  of  the 
sounding  (apogee)  provides  the  resistance  in  that  column.  The 
remainder  of  RT  to  the  ionosphere  can  be  estimated  by  multiplying  the 
resistivity  (reciprocal  of  conductivity)  and  scale  height  at  maximum 
altitude  in  the  same  way  as  electric  field  times  scale  height  pro  *ides 
the  voltage  difference  from  apogee  to  the  ionosphere  when  determining 
Vj  (Markson,  1976).  Thus,  by  adding  the  calculated  increment  to  the 
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Integrated  value  it  is  possible  to  estimate  R  .  By  Ohm’s  law,  the 
air-earth  current  density  J ^  =  V  /R  .  Therefore,  if  V_  remains 
constant,  an  increase  in  R_  wilicause  a  decrease  in  J7.  Since  R.  is  a 
function  of  aerosol  loading  and  ionization  rate,  which0 in  turn  are 
modulated  by  numerous  natural  and  man-made  factors,  it  is  expected  that 
J  will  vary  accordingly.  Detailed  discussion  of  hew  meteorological 
factors  in  the  lower  atmosphere  affect  V_  and  J  time-series  are  in 
Markscn  (1984;  1985).  x 


Convection  Currents 

The  global  electrical  generator  maintains  the  fair-weather 
conduction  current  above  the  exchange  layer  (J  )  which  is  constant  with 
altitude  (Kraakevik,  1958;  Markscn,  1981;  Anderson  et  al.  ,  this 
volume).  This  is  because  there  are  no  generators  in  this  region; 
changes  in  conductivity  are  exactly  balanced  by  changes  in  electric 
field  to  maintain  a  constant  current  density  firm  the  ionosphere  to  the 
top  of  the  planetary  boundary  layer  (PBL).  However,  within  the  FBL 
(particularly  over  water)  space  charge  is  transported  upward  by  air 
motions  which  constitutes  a  convective  generator  (J  )  first  described 
by  Kasemir  (1956).  Thus,  within  the  exchange  layer0 the  measured 
downward  conduction  current  density  (electric  field  times  total 
conductivity)  increases  to  balance  the  upward  convection  current.  The 
potential  at  the  top  of  the  exchange  layer  is  raised  by  J  above  what 
it  would  be  if  it  were  due  only  to  J  .  Assuming  VT  remains  unaffected 
by  local  PBL  processes,  there  must  b§  an  adjustment  (reduction)  in  the 
potential  gradient  and  J  above  the  exchange  layer  because  a  smaller 
potential  difference  occurs  between  the  PBL  and  the  ionosphere 
(Willett,  1979).  It  is  possible  to  determine  the  percent  reduction  in 
J  above  the  PBL  due  to  J  through  the  fraction  J  /J_  *  J  /  ( V.../R.J. ) 
which  is  the  measured  conduction  current  divided  By  what  the  current 
would  have  been  if  there  were  no  J  .  We  define  this  fraction  as  CF, 
the  "convective  factor". 


In  sum,  changes  in  and  J  within  the  exchange  layer  will  affect 
the  current  density  locally  above  the  PBL,  while  at  latitudes  lower 
than  the  polar  cap  region  (where  there  are  no  ionospheric  or  magneto- 
spheric  generators)  the  ionospheric  potential  will  remain  globally 
representative  (Markscn,  1985).  This  assumes  J,  is  a  local  generator; 
if  J  occupies  a  sufficiently  large  fraction  of°the  Earth's  surface, 
coulS  be  increased.  Time-series  of  J  measured  from  a  constant 
altitude  balloon  or  aircraft  well  above  the  exchange  layer  crossing 
regions  of  variable  R-j.  or  would  undergo  changes  because  of  the 
factors  described  above.  ° 


OBSERVATIONS  AND  DISCUSSION 

Table  I  is  a  summary  comparison  between  mean  V_,  J  ,  R_,  and  CF 
values  at  Hobbs  and  the  Bahamas.  The  effects  of  rotntheaif  ferences 
in  R_  and  CF  between  the  locations  is  readily  apparent.  While  the  mean 
VT  was  slightly  larger  (2%)  in  the  Bahamas,  J  was  56%  lower  in  the 
Bahamas,  i.e.,  (J  Hobbs  -  J  Bahamas)/*!  Bahamas.  This  was  mostly 
caused  by  R_  at  Hobbs  being  32%  lower  than  in  the  Bahamas  causing  an 
increase  in  current.  It  is  also  seen  that  the  range  of  variations  of 
J  are  appreciably  larger  at  Hobbs  as  would  be  expected  from  a  location 
wRere  variations  in  aerosols,  conductivity  and  convection  are  larger. 
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Table  I.  Caparison  of  Mean  Hobbs  vs  Bahamas  Data 

Parameters 

Hobbs 

Bahamas 

V,  (kV)  2 

.j  (pA/mf)  measured 

J?  (pA/m  )  range 

R°xl0  (obm-m) 

(J  /J  )  =  CF 

237 

2.62 

1.4-3.2=128% 

9.36 

1.00 

242 

1.68 

1.05-2.1 )=100% 

13.7 

0.88 

Bahamas  Measurements 

Figure  1  summarizes  the  relevant  parameter  time-series  for  the 

Bahamas  data.  Correlation  coefficients  have  been  confuted  and  for  14 

soundings  (12  d.f. )  the  5%  and  1%  levels  of  significance  are  r  =  0.53 

and  0.66  respectively.  The  most  obvious  feature  is  the  inverse 

correlation  between  J  and  (r  =  -0.92).  It  is  also  seen  that  J  is 

positively  carrelatedwith  CF  (r  =  0.89).  Thus  both  variations  irvR^ 

ard  j  strongly  modulate  J  in  the  expected  directions.  Considering 

the  effects  on  the  V-  measurement.  It  also  is  found  that  V_  is 

correlated  with  R_  (r  =  0.63),  but  not  as  strongly  as  Rj  is  with  J  , 

ard  the  correlation  is  positive.  This  suggests  that  the  soundings0 were 

not  made  sufficiently  high  and  error  was  introduced  into  the  V 

estimate  because  of  aerosols  affecting  the  electric  field  at  apogee. 

The  average  height  of  the  Bahamas  soundings  was  4.3  km.  A  summary  of 

conductivity  profiles  from  all  sources  (Fig.  3  of  Markscn,  1985)  shows 

that  it  is  necessary  to  make  a  sounding  to  6  or  7  km  to  get  Into  the 

region  of  exponential  increase  in  conductivity  with  height  which  the 

scale  height  increment  estimation  procedure  assumes.  The  effect  of 

convection  (CF)  on  V  is  not  statistically  significant  (r  =  -0.47). 

There  is  a  negative,  cut  not  statistically  significant,  correlation 

between  Vt  and  J  (r  =  -0.38).  Summarizing  the  Bahamas  data.  Fig.  1 

irdicatesthat  R°  variations  cause  about  2/3  and  Jc  causes  about  1/3  of 

the  J  variation, 
o 

Hobbs  Measurements 

The  Hobbs  data  have  been  treated  in  the  same  manner.  Fifteen  sound¬ 
ings  were  made  to  a  mean  apogee  of  6.3  km.  Correlation  coefficients 
(13  d.f. )  at  the  5%  and  1%  levels  of  significance  are  r  =  0.51  and 
0.64.  The  inverse  correlation  between  J  and  Rj  (r  =  -0.79)  is  seen  by 
inspection.  Similarly  there  is  a  positive  correlation  between  J  and 
CF  (r  =  0.56).  J  is  affected  as  expected  by  R,  and  J  .  Considering 
effects  on  V_,  the  correlation  with  R_  (r  =  0.42)  is  again  positive  but 
smaller  and  not  significant.  This  could  be  explained  by  the  fact  that 
the  soundings  were  made  to  higher  altitudes  and  there  was  less  aerosol 
effects  at  Hobbs.  There  was  no  effect  of  CF  on  V  (r  =  -0.11)  and  no 
correlation  between  VI  and  JQ  (r  =  0.09).  x 

Differences  between  the  Bahamas  and  Hobbs  results  can  be  interpreted 
in  view  of  differences  in  conditions  between  these  regions  as  discussed 
in  the  companion  paper  by  Anderson  et  al.  *  At  Hobbs  there  was  very 
little  J  arid  the  CF  average  was  1.00  (compared  to  0.88  due  to  J  in 
the  BahaSas).  Also  the  data  for  Hobbs  had  somewhat  larger  sources  of 
error  because  of  instrumentation  factors  and  the  fact  that  there  was 
less  harozcntal  homogeniety  in  the  convectively  unstable  atmosphere. 

The  latter  affects  the  aircraft  spiral  soundings  which  are  made  over  a 
region  of  about  5  to  10  km  diameter. 

318 


r 


CONCLUSION 

The  above  analysis  indicates  that  measurements  of  J  from  a  platform 
well  above  the  exchange  layer  would  be  an  unreliable  method  for  observ¬ 
ing  the  variation  of  current  in  the  global  circuit.  Typical  local 
variations  caused  by  the  combined  effects  of  changes  in  R^.  and 
convection  of  space  charge  could  introduce  variations  on  the  order  of 
50%.  It  should  also  be  recognized  that  regional  and  global  variations 
in  R  from  cosmic  radiation  ionization  and  aerosol  loading  will 
strongly  modulate  J  which  is  twice  as  large  at  Spitsbergen  and 
Greenland  as  in  the°Bahamas  because  of  these  factors  (Markscn,  1985). 
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